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FOREWORD 


This  report  wis  prepared  by  the  Lookheed-Jal  i  fornia  Company  under 
'■  ‘  ,-aet  DOT-FA75-WA-  J/’07  •  The  report  contains  t  partial  dt  scr  i  pti  on  of  tlie 

e:':Vd  performed  as  part  of  Task  II  and  covers  t  lie  period  from  July  197b  to 
Jecerrber  1977.  Hie  w  rk  was  administered  under  the  direction  of  the  Federal 
Aviation  Administration  with  H.  Spicer  acting  us  Technical  monitor. 

The  program  leader  was  Oil  Wittlin  of  the  Lockheed-Cali fornia  Company. 
Important  contributions  were  made  to  the  program  by  the  Cessna  Aircraft  Com¬ 
pany,  which  participated  as  a  subcontractor.  Under  the  direction  of  D.J.  Ahren 
and  W.B.  Bloedel,  the  Cessna  Aircraft  Company  provided  valuable  data  with 
regard  to  general  aviation  structure  and  designs.  M.A.  Onmon  of  the  Lockheed- 
Cali  fornia  Company,  supported  by  W.L.  LaBarge,  refined  program  KRASH. 

K.  Weinberger  of  the  Lockheed-Cali fornia  Company  provided  valuable  computer 
programming  support.  P.C.  Durup  of  the  Lockheed-Cali fornia  Company  assisted 
in  the  preparation  of  reports.  The  Iockheed  effort  was  performed  under  the 
supervision  of  J.E.  Wignot. 


SUMMARY 


This  document  provides  a  comprehensive  description  of  program  KRASH, 
as  modified  under  Contract  DOT-FA75-WA-3707.  Included  in  this  Volume  of 
the  User's  Manual  are  the  following  sections: 


Section  2 
Section  3 
Section  4 
Section  5 


User ' s  Guide 
Math  Model  Development 
KRASH  Data  Requirements 
Typical  Model  Arrangements 


The  Volume  II  has  been  established  in  such  a  manner  that  it  can  readily 
be  updated  as  more  data  becomes  available.  The  subject  matter  contained 
within  each  section  can  be  expanded  or  revised,  as  necessary,  without 
affecting  the  other  sections.  Each  section  contains  its  own  numbering 
system  which  facilitates  the  task  of  updating  the  document. 
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SECTION  1 
INTRODUCTION 


Program  KRASH  has  several  features  which  can  be  used  effectively  to 
evaluate  crashworthiness  capability  of  vehicles  during  the  initial  stages  of  a 
design.  Conceptually  the  program  is  designed  to  define  the  general  behavior  of 
structure  and  to  provide  data  which  can  be  utilized  to  assess  chances  of  occu¬ 
rs:  survivability  during  a  severe  crash  environment.  While  KRASH  currently 

contains  one  measure  of  injury  potential  (Dynamic  Response  Index,  DRI),  the 
iata  obtained  from  KRASH  are  more  useful  as  input  to  more  complex  s eat -occupant - 
restraint  system  models.  Since  the  program  utilizes  simplified  and  approximate 
representations  of  structure,  it  best  can  be  described  as  a  preliminary  design 
tool.  ^Although  the  program  provides  for  as  many  as  80  masses  and  100  members, 
modeling  to  the  maximum  capacity  of  KRASH  should  be  exercised  with  care.  For 
light  fixed-wing  airplanes,  the  use  of  a  large  number  of  node  points  can  be 
expected  to  result  in  representing  elements  which  may  have  relatively  high 
natural  frequencies.  Since  KRASH  utilizes  a  numerical  integration  technique, 
the  proper  interval  of  integration  is  very  sensitive  to  the  system  frequencies, 
and  unless  some  simple  preliminary  checks  are  made  for  the  math  model  that  is 
developed,  instability  problems  can  develop.  These  instabilities  can  be 
avoided  or  eliminated  by  following  simple  guidelines.  From  an  economic  stand¬ 
point,  it  is  desireable  to  develop  the  simplest  math  model  representati on 
of  the  actual  structure  feasible  while  obtaining  an  acceptable  level  of  accu¬ 
racy  .  The  smaller  the  model  the  less  input  dRta  are  required,  the  computer 
cost  is  reduced  proportional ly ,  and  review  of  the  output  data  car.  be  expedited. 
The  question  then  is  how  does  one  determine  the  math  model  that  is  to  be 
ueveloped  and  how  are  the  elements  represented?  The  following  discussion  is 
intended  to  describe  the  techniques  that  can  be  used  to  develop  models  using 
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the  features  contained  in  KRASH  and  the  data  that  are  obtained  fron  KRAS". 

While  the  information  contained  herein  is  directly  related  to  KRASH,  it  is 
also  applicable  to  analytical  modeling  technique:;  in  general. 

Included  in  this  report  are  the  following  sections: 

flection  -  User's  Guide 

flection  3  -  Math  Model  Development  Procedures 
flection  h  -  KRASH  Data  Requirements 
Section  5  -  Typical  Model  Arrangements 

flection  2  describes  the  input-output  formats  and  provides  illustrat  ive  samples 
of  the  data.  Section  3  presents  a  general  description  in  which  the  procedures 
for  setting  up  a  math  model  using  KRASH  are  outlined.  Section  ^  describes  the 
input  data  requirements  relative  to  how  the  user  can  obtain  and  use  information 
with  KRASH.  Included  in  this  section  is  background  information  to  help  the 
user  more  fully  understand  how  KRASH  can  best  be  utilized  in  an  analysis. 
Section  5  presents  some  typical  general  aviation  airplane  model  arrangements 
as  represented  in  KRASH.  This  section  provides  the  user  with  an  appreciation 
of  the  size  requirements  for  different,  classes  of  light  fixed  wing  airplanes. 

The  theory  of  KRASH  is  comprehensively  described  in  Reference  1. 


SECTION  2 
USER'S  CHIDE 


2.1  INPUT 


The  Input  data  format  is  described  in  detail  in  this  section  and  is 
shown  in  Figure  2-1.  Unless  otherwise  sepcified,  all  quantities  are  input 
in  inch,  pound,  second,  and  radian  units.  Two  formats  are  used  for  the 
majority  of  the  data;  7E10.0  for  fixed-point  and  sclent  if ie-notat ion  input, 
and  15  for  integers.  As  an  example  of  the  former,  the  number  12b. 08  can  be 
input  in  the  following  ways: 


1 

• 

■t 

b 

0 

8 

K 

•> 

1 

2 

6 

0 

8 

• 

E 

_ 

- 

2 

1 

2 

6 

» 

0 

8 

1 

2 

6 

• 

8 

Blank  columns  are  treated  as  zeros.  When  the  E  format  is  used,  the  exponent 
must  be  right  justified  in  the  field.  With  the  15  integer  format,  the  number 
must  be  right  justified.  Sequence  numbers  in  columns  77  through  80  should  be 
used  corresponding  to  those  shown  in  the  input  format  (Figure  2-1)  to  facili¬ 
tate  deck  assembly  and  changes. 


The  following  coordinate  systems  (Figure  2-2)  are  established  to  facili¬ 
tate  the  derivation  of  equations  for  the  mathematical  model.  The  input  data 
description  specify  the  appropriate  coordinate  systems  to  be  used. 

•  Ground  Coordinate  System.  -  This  is  a  right-handed  coordinate  system 
fixed  in  the  ground  with  the  origin  at  point  0  in  Figure  2-2.  The 
x-axis  is  positive  forward,  the  y-axis  is  positive  to  the  right,  and 
the  z-axis  is  positive  downward.  The  xy-plane  (z  -  0)  corresponds 
to  the  ground  surface.  The  ground  coordinate  system  is  considered 
an  inertial  coordinate  system  for  writing  the  dynamic  equations  ot 
motion. 
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BEAM  ELEMENT 
COORDINATE  SYSTEM 


SLOPE  COORDINATE  SYSTEM 


•  Slope  Coordinate  System.  -  This  is  a  right-handed  coordinate  system 
fixed  In  the  ground  with  the  origin  at  point  0  as  shown  in  Figure  2-2. 

The  x-axis  is  positive  forward  up  the  slope,  the  y-axis  is  positive 

to  the  right,  and  the  z-axis  is  positive  downward  and  perpendicular 
to  the  slope.  This  coordinate  system  is  the  same  as  the  ground  coor¬ 
dinate  system  rotated  through  an  angle  'beta',  positive  clockwise 
about  the  ground  y-axis.  The  xy-plane  represents  a  plane  inclined 
at  an  angle  'beta'  with  respect  to  the  horizontal  ground  plane. 

'Beta'  is  a  constant  input  angle  that  can  range  from  zero  to  ninety 
degrees . 

•  Airplane  Coordinate  System.  -  This  is  a  left-handed  coordinate  system 
fixed  with  relation  to  the  airplane  with  the  origin  at  point  H  in  Fig¬ 
ure  2-2.  The  x-axis  is  positive  aft,  the  y-axis  is  positive  to  the  left 
when  looking  forward,  and  the  z-axis  is  positive  upward.  The  origin  at 
point  H  corresponds  to  zero  fuselage  station  (FS  =  0) ,  zero  buttline 
(BL  =  0) ,  and  zero  waterline  (WL  =  0) .  This  coordinate  system  is  used 
only  to  input  the  location  coordinates  of  the  mass  points  and  massless 
node  points  since  the  coordinates  of  the  points  are  usually  available 

in  terms  of  fuselage  station,  buttline,  and  waterline. 

•  Center-of-Gravity  Coordinate  System.  -  This  is  a  right-handed  coordinate 
system  fixed  with  relation  to  the  airplane  with  the  origin  at  the  ve¬ 
hicle  CG,  point  G.  The  x-axis  is  positive  forward,  the  y-axis  is  positive 
to  the  right  when  looking  forward,  and  the  z-axis  is  positive  downward. 
These  axes  are  parallel  to  the  airplane  coordinate  system  axes. 

•  Mass  Point  or  Body  Coordinate  System.  -  Each  mass  point  has  its  own 
right-handed  coordinate  system  fixed  with  relation  to  the  mass  point. 

The  initial  orientation  of  each  of  these  coordinate  systems  is  arbitrary 
and  is  specified  by  means  of  three  input  Euler  angles  for  each  mass 
point  relating  its  initial  orientation  to  the  center-of-gravity  coordin¬ 
ate  system.  Normally  the  mass  point  or  body  coordinate  system  is  taken 
as  initially  parallel  to  the  center-of-gravity  coordinate  system 

since  the  inertia  data  is  generally  available  about  these  axes  and 
the  three  input  Euler  angles  are  zero.  The  mass  point  or  body  coor¬ 
dinate  system  is  the  system  used  to  write  Euler’s  equations  of  motion 
for  each  mass  point. 

•  Beam  Element  Coordinate  System.  -  This  is  a  right-handed  coordinate 
system  with  the  beam  element  x-axis  along  a  straight  line  from  the 
mass  point  at  end  'I'  to  the  mass  point  at  end  "j".  As  the  mass 
points  move,  the  beam  element  coordinate  system  changes  orientation 
so  that  the  x-axis  is  always  pointing  from  the  mass  point  at  end  "I* 
to  the  mass  point  at  end  'J'.  If  the  beam  element  connects  massless 
node  points  which  are  offset  from  the  mass  points,  then  the  beam  ele¬ 
ment  x-axis  always  points  from  the  massless  node  point  rigidly 
attached  to  the  mass  point  at  end  'I'  to  the  massless  node  point 
rigidly  attached  to  the  mass  point  at  end  'Jf. 
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The  beam  element  y-axls  and  z-axls  are  mutually  perpendicular.  The 
direction  of  each  Is  arbitrary  and  Is  defined  Internally  within  the 
program.  The  Input  data  Is  prepared  according  to  the  beam  element 
coordinate  systems  shown  in  Klgure  2-3  (.page  2-29). 

The  following  Is  a  detailed  description  of  all  the  input  data 
requirements. 
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KRASH  INPUT  DATA 


CARD  OOP! 
DESCRIPTION 


TITLE  CARD*! 


Defines  411  alphanumeric  label  wlm.li 
KRASH  priniej  output. 


will  appear  as  the  Inst  hue  ot  heading  on  each  pace  of 


format  and  ex  am  pie 


1  234S67890I234567890I  2345678901  2345678oJ|  2345678901  23456789J I  2  L»56'840l ' 

8 

34567840 

TITLE!  "  ‘  - - - 

SUbs  IKUCTURE  SECTION  IMPACT  STUDY 

0001 

HUD  CONTENTS 


Title! 


■Alphanumeric  Character  String 


REMARKS 


(!) 

(2) 

(3) 


Required  data  caid,  howevet,  it  may  be  blank.. 

Use  columns  7.5-80  to  number  the  input  data. 

All  text  material  on  this  catd  is  reproduced  at  the  top  ot  evert  output  page  and  on  even 


card  000:  title:  card  #; 


DESCRIPTION 


Defines  an  alphanumeric  label  which  will  appeal  as 
of  KRASH  punted  output. 


the  second  line  ot  heading  on  each  page 


format  and  e  xample 


01  2  3  4  5  6  7  8 

1 2345678401 2345678401 2345678401 2345678401 2345678401 2345678401 2345678401 2 <4567840 

TITLE2 

INITIAL  CONDITIONS  27  5  FPS  VERTICAL  IMPACT  ON  RIGID  SURFACE 

0002 

held  contents 


Title; 


Alphanumeric  Character  String 


REMARKS 


( 1)  Required  data  card,  however,  it  may  be  blank. 

(2)  Use  columns  7.5-80  to  number  the  input  data. 

(3)  All  text  material  on  this  card  is  reproduced  at  the  top  of  every  output  page  and  on  every 


2-8 


KRASH  INPUT  DATA 


CARD  0003:  DUMMY  CARD 


DESCRIPTION: 


Defines  a  numeric  heading  which  will  appear  on  each  page  of  the  KRASH  printout  of  the 
input  data  deck  echo. 


FORMAT  AND  EXAMPLE: 

- - - 

?  '  2  3  4  5  6  7  8 

I 234 56 78901 2345678901 2345678901 234567890 I 234567890 1234567890 1234567890123456789O 

DUMMY 

1 234567890 1 234 567890 1 234567890 1 234567890 1234567890 1 234567890 12 34567«onf 2 

0003 

FIELD  CONTENTS 

Dummy  Numeric  String 

REMARKS:  (1)  Required  data  card;  however,  it  may  be  blank. 

(2)  Intent  of  this  data  card  is  to  aid  the  user  in  verifying  the  field  placement  of  the  input 

data. 

(3)  Use  columns  73-80  to  number  the  input  data. 


KRASH  INPUT  DATA 


CARD  0004  KRASH  MOl)H  SI /I  PARAMTTI  RS 

DESC R1PTION  Defines  the  sizes  of  the  various  input  paiametei  data  sets  foi  the  kK.ASII  model. 

FORMAT  AND  EXAMPLE 


01  2  3  4  5  6  7  8 

1 2345678401 234S67840I 234S67840I234S67840I 2345678401 2345678401 2345678401 234567840 

NM 

NSP 

mm 

NLB 

NNP 

NPIN 

NCH 

NHKI 

N  UV 

MV  P 

NVCH 

NM  ft 

ND 

►:< 

16 

10 

.  32 

m 

■i 

0 

■E 

0 

0 

m 

0 

0 

0 

■ 

_ 

0004 

FIELD  CONTENTS 


NM 

NSP 

NB 

NLB 

NNP 

NPIN 

NUB 

NDRI 
NO  LEO 
NACC 


MVP 

NVCH 

NMTL 

ND 


Number  ol  Mass  Points  Per  0100-Senes  ('aids  (Maximum  Allowed  is  SO) 

Number  of  External  Crushing  Springs  Pei  0500-Senes  ('aids  (Maximum  Allowed  is  40) 
Number  of  Beam  Elements  Per  0500-Senes  Cards  (Maximum  Allowed  is  1  SO) 

Number  of  Bearn  Element  Nonlinear  Degrees-of-Freedom  Pet  1200-Senes  ('aids  (Maximum 
Allowed  is  180) 

Nutubei  of  Massless  Node  Points  Pei  0200-Senes  (  aids  (Maximum  Allowed  is  50) 

Number  of  Beam  Elements  Having  at  Least  One  Degree-ot- Freedom  Pinned  Pei  01 2 * 4 5 6 700-Senes 
Card  (Maximum  Allowed  is  1 50) 

Numbei  of  Axiallv  Unsv  mine  trie  Beam  Elements  Per  0800-Senes  ('aids  (Maximum  Allowed 
is  1 50) 

Number  of  DRl  Beam  Elements  Pei  1401-SenesCatds  (Maximum  Allowed  is  I  50) 

Number  of  Shock  Strut  Elements  Per  400  and  1000-Senes  Cards  (Maximum  Allowed  is  20) 
Numbei  of  Enforced  Acceleration  Tune  History  Tables  Per  2500-Senes  ('aids  (Maximum 
Allowed  is  a  Combination  of  500  Mass  and  Tune  Points,  For  Example  50  Masses  Each  With 
b  Associated  Times) 

Reference  Mass  Point  For  Volume  Penetration  Calculations  Pei  1400-Senes  Cards  Maximum 
Allowed  ts  I ) 

Number  of  Volumes  For  Occupiable  Volume  Change  Calculations  Per  1 500-Series  Cards 
(Maximum  Allowed  is  5) 

Number  of  Non-Standard  Beam  Element  Materials  Pei  ObOOSeries  Cards  (Maximum  Allowed 
is  10) 

Number  of  Beam  Elements  With  Non-Standard  Damping  Ratios  Per  1 100-Series  Cards 
(Maximum  Allowed  is  I  50) 


REMARKS: 


(1)  Required  data  card. 

(2)  All  entries  are  right  justified  integers. 

(5)  ‘NM’,  ‘NSP’,  and  ‘NB’  must  be  nonzero. 

(4)  Blank  entries  are  read  as  zero. 

(5)  See  Table  2-1  for  a  summary  of  model  size  parametets. 

(6)  Pormat  for  this  card  is  1415. 

(7)  Use  columns  75-80  to  number  the  input  data. 


1  \  H 1  I  .'I  PROGRAM  SIZING  CONS1  AMS 


CONSTANT 

- - 

MAXIMUM  VALU 

DESCRIPTION 

NM 

SO 

Nl  MBFROI  MASSES 

NSP 

40 

NDMBI  ROE  l  XTERNAl  SPRINGS 

NB 

150 

NUMB1  ROE  INTERNAL  BEAMS 

Nt  B 

ISO 

NUMB!  ROE  NONIINI  AR  Bl  AM  DIRECTION 

COMBINATIONS  (KR  TAB1 1  S) 

NHI 

80 

NUMBER  01  MASSES  HAVING  NON  ZERO  IU\,. 

IK’/,-  1  x v ( •  K  /j-  *x/t-  S>K  ic. 

MVP 

REIT  RENCE  MASS  Nl  MB1  R  EOR  VOl  UMI  PI  Nl  TRAT10N 
(  At  CUL  ATIONS 

NVCH 

5 

NUMBER  OF  VOl  UMI  S  EOR  OCCUPIABl  1  VOl  UMI 
(  HANOI  CALCULATIONS 

NHRI 

ISO 

NUMBI  R  OF  DRI  BEAM  IT  EMI  NTS 

NMTl 

10 

Nl  MBI  R  OF  NON  STANDARD  BE  AM  MATE  R 1 A l  S 

NACC 

300 

NUMBER  OF  INPUT  ACCE1 1  RATION  TIMEHISTORV 

POINTS 

NVBM 

ISO 

NUMBI  R  OF  IN  I  I  RNAl  Bl  AMS  IIAVINO  NON  STANDARD 
MAXIMUM  POSITIVE  (NVBM)  OR  NEC.ATIVE  (NVBMN) 

NVBMN 

ISO 

DEFT  1  CHONS  EOR  BEAM  RUPTURE  STANDARD 

VALUE:  100  (inches  OF  Di  l  l  ECTION  AND  radians  OF 

ROTATION) 

NIBM 

ISO 

NUMBI  ROE  IN  1 1  RNAl  BEAMS  HAVING  NON  STANDARD 
MAXIMUM  POSITIVE  (Nl  BM)  OR  NEGATIVE  (NFBMN) 

NFBMN 

ISO 

FORCES  FOR  BEAM  RUPTURE  STANDARD  VAl  UE  -  1  E  10 

NPH 

80 

NUMBER  OF  MASSES  HAVING  NON  ZERO  EU1 1  R 

ANGLES*,"  0,". 

ND 

ISO 

NUMBER  OF  INTI  RNAl  BEAMS  HAVING  DAMPING  RATIOS  | 
DIFFERENT  1  ROM  THAT  SPI  CII  IFD  ON  CARD  1 100 

NKM 

ISO 

NUMBER  OF  INTERNA!  Bl  AMS  FOR  WHICH  Till  I  I  I  1 
n  \  h  STIFFNESS  MATRIX  IS  DIRECTLY  INPUT 

NPIN 

ISO 

NUMBER  OF  INTERNAL  BEAMS  HAV  ING  OTHER  TH  AN 

FIXED  FIXED  END  CONDITIONS 

NNP 

so 

NUMBER  OF  MASS!  ESS  NODE  POINTS 

NUB 

ISO 

NUMBI  ROE  UNSVMMITRICAL  BEAMS 

NOLEO 

_ - _ 

NUMBER  OF  SHOCK  STRUTS 

KRASM  INPUI  OAT  A 


C  ARD  000' 


KRASM  MODI  I  SI/I  PAR  AM  I  II  KS  AND  CAl  C'l  l  AMDS  I  I  AOS 


DESCRIPTION  IV  line*  the  sues  of  the  various  input  parameter  slat .1  sets  lot  the  KRASM  model  and  provides 
lot  Seam  element  stress  and/ot  failure  data  calculations. 


FORMAT  AND  I- \  AMP  LI 


0  1  2  3  4  5  6  7  8 

12345678901 2345678901 2345678901 234 S67890I 2345678901 2. 1456’890l 2345678901 234567890 

T 

NViftfl 

NFBM 

NV  HVi > 

NFBMN 

NKM 

NMI 

Nl*ll 

NTOl  1 

NTOL2 

NTOl.,1 

NSr 

NIC 

X 

0 

0 

U 

0 

0 

0' 

0 

to 

so 

UX1 

t> 

0 

0t)U> 

HMD  CONTI  NTS 


N\  BM 

NFBM 

NVBMN 

NFBMN 

NKM 

Mil 

NPH 

NTOl  1 

ntol: 

NTOl  0 

NSC 

NIC 


Nunther  of  Beam  I  kinents  Having  Non-Standard  Ruptute  Positive  IVtlections  Pet  InOO-Sertes 
Catds  (Maximum  Allowed  is  150) 

Number  ot  Beam  Elements  Having  Non -Standard  Ruptute  Positive  Forces  Pet  1  700-SeiresCard 
(Mavttnum  Allowed  is  150) 

Number  ot  Beam  I  lements  Having  Non-Standard  Ruptute  Negative  IVtlections  Per  ISOO-Sertes 
Card  (Maximum  Allowed  is  ISO) 

Numhei  ot  Beam  Elements  Having  Non-Standard  Ruptute  Negative  Foices  Pei  NOO-Seues 
C'aids  (Maximum  Allowed  is  150) 

Number  i't  Beam  I  lements  F01  Which  o  \  6  Silliness  Matitx  is  Duectlv  Input  Pet  2400  Series 
Catds  (Maximum  Allowed  is  1501 

Numhei  ot  Mass  Points  Having  Noiweio  Aerodx  naimc  l  itt  Constant,  Aitgulai  Momenta,  ot  Cross 
Productsot  lneitia  Pei  2lXXVSeiies  Card  (Maximum  Allowed  is  SO) 

Numhei  Mass  Points  Having  Nonzero  Euler  Angles  E01  Rotating  the  Mass  Point  or  Bod \ 
Ci-H'tdrnaie  Sxstem  Relatne  to  The  Center vt-Ciravitx  Coordinate  S’ stem  Pet  2  ItXt-Series  Catds 
(Maximum  Allowed  is  801 

Percent  Allowable  Total  I  netgv  C.iowlh  Above  UX'  Peicent  (IVlault  Value  is  Cine  ( I)  Percent) 
Pei  cent  Allowable  Individual  Negative  Sir  Jin.  Damping,  Crushing  and  I-' net  ion  Terms  ot' Respec¬ 
tive  Totals  (IVlault  \  alue  is  Ten  ( 10)  Peicent) 

Peicent  Allow  able  Individual  Mass  Eneigv  Deviation  Above  /eto  Peicent  (Default  Value  is 
Thutv  1 30 1  Peicent 

Flag  hot  Beam  Element  Stress  C  alculation  0  -  No  1  ;  A  cs 

Flag  Eot  Preliuunatv  Beam  Element  Failure  Load  and  Deflection  Calculations  0  =  No 
I  »  Yes 


REMARKS 


(1)  Re, (lined  data  cjid,  howexci  it  max  be  blank. 

(2)  All  entues  aie  tight  instilled  integcts. 

(5)  Blank  entires  are  read  as  zero 

(4)  It  anv  ot  tin-  allowable  etrois  in  eueigv  are  exceeded,  the  atulvsts  terminates  automaticallx 
at  that  time,  and  sumnutv  tables  and  printer  plots  ate  genciated. 

(5)  l\-tault  values  lot  NA’BM  and  NVBMN  are  100  inches  ot  radians  IVtault  values  tot  NE'BM 
and  NFBMN  ate  1 E 1 0 ,  lbs  ot  m-lbs. 

(fs)  See  Table  2-1  for  a  sumnutv  of  model  size  parameters. 

(■»)  It  is  recommended  that  NIC  I  be  used  each  time  if  complete  beam  ptopetnesare  input 
(05lX)  series  catds) 

(8)  Format  for  this  card  is  1215. 

(l 2 * 4 5 * * 8H  Use  columns  7.1-80  to  number  the  input  data. 


KRAS1I  INPUT  DATA 


CARD  0006. 


RESTART  CONTROL  PARAMETERS 


DESCRIPTION  Defines  the  identifiers  of  a  previously  checkpointed  KRASH  case  and  the  simulation  tune  from 
which  the  KRASH  analysis  will  he  restarted. 


FORMAT  AND  EXAMPLE: 


1 

1 

3 

4 

5 

6 

7 

8 

1 2345678901 2345678401 234567840 

1  2345678401  2345678401  2  34  5678901  2  345678401  2 

34567890 

NAME 

CASENO 

TRS 

>< 

3XC 

OLEO 

1 

40 

0006 

FIELD  CONTENTS 


Name  Alphanumeric  Identifier  of  Checkpointed  Case  (Maximum  of  Eight  Characters.  Left  Justified) 

C'ASENO  Numeric  Identifier  of  Checkpointed  Case 

TRS  Restart  Time  Milliseconds 

REMARKS:  ( I )  Required  data  card,  however,  it  may  be  blank. 

(2)  All  numeric  entries  are  right  justified  integers. 

(3)  Previously  checkpointed  case  must  be  resident  on  mag  tape  and  be  accessed  via  JCL. 

(4)  Restart  time  must  be  included  in  the  KRASH  analysis  of  the  previously  checkpointed  case. 

(5)  Only  nonblank  when  using  restart  capability  to  initiate  from  a  preceding  analysis  that  has 
been  saved. 

(6)  Use  columns  73-80  to  number  the  input  data. 

(7)  Format  for  this  card  is  A8,  2X.  61 10. 


KRASII  INPUT  DATA 


CARD  OOP?  (  HECKPOINT  CONTROL  PARAMETERS 

OESCRIPTION  Defines  imlcndtlcrs  and  simulation  limes  for  the  cuiicnt  KRASII  case  10  checkpoint  the 
analytical  results  for  future  restarts. 

FORMAT  AND  EXAMPLE 


0 

1 

1 

4 

6 

7 

8 

1  2  I456'890l  2.145678901  2  145678901  2  145678901  2.145678901  2.1456'S90I  2.145678901  2 

.J4S67890 

NAME 

A 

CASENO 

TSAVi 

TSAV2 

TSAVi 

TSAV4 

TSAVS 

E 

OLEO 

2 

40 

80 

100 

120 

ISO 

0007 

HELD  CONTENTS 


Name  Alphanumeric  Identifier  (Maximum  of  Eight  Characters.  Lett  Justified) 

CASENO  Numeric  Identifier 

TSAVI  Analysis  Times  at  Which  Results  Will  he  Saved  Milliseconds 


REMARKS 


( 1)  Required  data  card,  however,  it  may  he  blank. 

(2)  All  numeric  entries  are  right  justified  integers. 

(d)  JCL  must  provide  mag  tape  on  which  icsults  will  he  saved. 

(4)  Only  nonhlank  when  data  is  to  he  saved.  A  maximum  ol  five  times  can  he  saved  pci 
analysis. 

(5)  Format  for  this  card  is  AS.  2X.  hi  10.0. 

(h)  Use  columns  7.1-80  to  number  the  input  >ta. 
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KKASII  INPUT  DATA 


C  ARD  tXX)8  PARAMETERS  1  OK  NUMI  KIC’AI  INTEGRATION.  PLOWING  FORCE.  ACCELERATION 
FILTER,  AND  KRASII  EXECUTION  MODI 

DESCRIPTION  Defines  print  control,  numerical  integration  lime  step,  analy sis  time,  plowing  toice  time. 

acceleration  tiller  cutoti  frequency,  and  KKASII  execution  mode  ( an  plane  model  and  impact 
condition  symmetry). 

FORMAT  AND  EXAMPLE 


0  1 

2 

3 

4 

5 

6 

7 

8 

1  2345678901 2345678901 2345678901 2345678901 2345678901 2345678901 2345678901  2  34  567890 

DP/DT 

DT 

TMAX 

PLOWT 

FCUT 

RUNMOD 

x 

too 

0  00001 

0.120 

■■B 

100  0 

■■D 

0008 

FIELD  CONTENTS 


DP/DT 

DT 

TMAX 

PLOWT 

FCUT 

RUNMOD 


Number  of  Numerical  Integration  Time  Steps  For  Which  Printout  of  Results  Will  be  Suppiessed, 
Right  Justified 

Fixed  Time  Step  For  Numerical  Integration  Seconds 

Maximum  Analysis  Time  Seconds 

Analysis  Time  at  Which  Plowing  F'oiccs  Cease  Seconds 

Cutoff  Frequency  ol  First-Order  Fillet  Applied  to  Mass  Point  Translational  Accelerations 
llert/  (E  10.0  Format) 

Flag  to  Control  the  Mode  of  Program  Execution  as  Follows: 


RUNMOD 

INPUT 

DATA  SET 

DATA  SET 
ANALYZED 

AIRPLANE 

MODEL 

IMPACT 

CONDITIONS 

0. 

Full  Airplane 

Full  Airplane 

Unsymmctrical 

Unsvmmetrical 

1. 

Half  Airplane 

Halt  Airplane 

Symmetrical 

Symmetrical 

Half  Airplane 

Full  Airplane 

Symmetrical 

Unsymmetrical 

REMARKS 


(1)  Required  data  card. 

(2)  ‘DP/DT',  'DT',  'TMAX',  and  'R1 INMOIV  are  required  inputs 

(3)  Blank  entries  are  read  as  zero. 

(4)  Entries  requiring  scientific  notation  (X.XFX.X)  should  be  right  justified. 

(5)  Format  for  this  card  is  1 10.  51  10.0. 

(ti)  Suitable  values  for  'DT'  range  trout  0 00001  to  0  001  seconds  A  mle  ot  thumb  loi  selecting 
a  final  integration  value  is  the  following 

DT  5  0.01  Max.  Computed  Beam  Frequency  til  ) 

(7)  Nonzero  plowing  forces  act  from  time  0  to  lime  'PI  OWI  l  ot  time  ■»  'PI  OW1 
the  plowing  forces  are  set  to  zero. 

(8)  Suitable  values  fot  'FCUT'  range  fiom  liily  to  eighty  live  percent  ol  the  actual  test  filter 
cutoff  frequency.  Eighty -five  percent  is  commonly  used 

(4)  Use  columns  73-80  to  number  the  input  data. 


» 
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KRASH  INPUT  DATA 


t  ARDOOQH:  VARIABLE  INTEGRATION  PARAMETERS 

DESCRIPTION:  Define  parameters  for  numerical  integration  with  variable  time  step. 


FORMAT  AND  EXAMPLE: 


2-16 


RRASII  INPUT  DATA 


(  AKI)  DOH)  PRINT  OUTPUT  CONI  KOI 

DLSC'KIITION  Defines  (lags  to  control  ( lit*  |>iiiiIi>iiI  ol  results,  kKASII  modi  I  si/c  pjijinelcis.  and  allowable 
I'tnus  in  energy  foi  lei  urinating  the  analysis. 

FORMAT  AND  I  XAMPL1 


0  1  2  3  4  5  6  7 

123456789012345678901234567890123456789012345678401 2 3456'840 12 34 5678401 

8 

234567890 

NSF 

NTF 

NDE 

NSPD 

NED 

NS 

NRP 

NIMP 

x 

1 

1 

1 

1 

1 

1 

1 

1 

□ 

0010 

I II  I  D  CONTENTS 


NSI 
NT  I 
NDI 
NSPD 
NED 


NS 

NRP 

NIMP 


Flag  Foi  Printout  of  Beam  Element  Strain  Forces 

Flag  For  Printout  of  Beam  Element  Total  Forces  Si  lain  and  Damping 

Flag  For  Printout  of  Beam  Element  Deflections 

Flag  For  Printout  ot  External  Crushing  Spring  Loads  and  Deflections 

Flag  For  Printout  of  Energy  Distribution  Per  Mass  Point,  Beam  Element,  and  External  Gushing 
Spring 

Flag  For  Printout  of  Beam  Element  Stresses 

Flag  For  Printout  of  Mass  Point  Displacement,  Velocity,  ami  Accelerations 
Flag  For  Printout  of  Mass  Impulses 


REMARKS 


(1)  Required  data  card;  however,  it  may  be  blank. 

(2)  All  entries  arc  right  justified  integers. 

(3)  Blank  entries  arc  read  as  zero. 

(4)  Print  control  Hags;  0  =  No,  1  =  Yes. 

(5)  Format  for  this  card  is  815. 

(6)  Use  columns  73-80  to  number  the  input  data. 


(CRASH  INPUT  DATA 


CARD  001  I  PRINTER  PLOT  CONTROL  PAR  AM  111  RS 

DESCRIPTION  Defines  the  type  and  number  of  time  history  pnntei  plots  and  defines  the  number  ol  mass 
point  position  (structure  deformation)  punter  plots. 

FORMAT  AND  EXAMPLE 


0  1  2  3  4  5  b 

1  23456784012345678401234567840123456784012345678401234567840 

1234567840 

1  2 

8 

34567840 

NMfcP 

NNEP 

NBFP 

NBDP 

NSTP 

NSEP 

NFNP 

NDRP 

NPLT 

Ni’in 

>< 

X1 

21 

3 

0 

0 

■c 

2 

■1 

2 

20 

L 

001 1 

FIELD  CONTENTS 


NMEP  Number  of  Mass  Points  Having  Time  History  Printer  Plots  Per  2600-Series  Cards 

NNt  p  Number  of  Massless  Node  Points  Having  Time  History  Printer  Plots  Per  2700-Scncs  Cards 

NBFP  Number  of  Beam  Elements  Having  Load  Time  History  Printer  Plots  Per  2800-Sctics  Cards 

NBDP  Number  of  Beam  Elements  Having  Deflection  Time  Flistory  Printer  Plots  Pet  2400-Ser ics  Cards 

NSjP  Number  of  Beam  Elements  Having  Stress  Time  History  Printer  Plots  Per  3000-Serrcs  Cards 

NSRP  Number  of  External  Crushing  Springs  Having  Time  History  Printer  Plots  IVr  3 100-Series  Cards 

NENP  Number  of  Beam  Elements  Having  Strain  and/or  Damping  Energy  Time  History  Printer  Plots 

Per  3200-Series  Cards 

NDRP  Number  of  DR1  Mass  Points  Having  Time  History  Printer  Plots  Per  3300-Scties  Cards 

jsjPLT  Number  of  Mass  Point  Position  (Structure  Deformation)  Printer  Plots  Per  2500-Series  Cards 

NPFCT  Print  Time  Factor  For  Which  Mass  Point  Position  (Structure  Deformation)  Plots  Ate  Generated 


REMARKS 


(1)  Required  data  card;  however,  it  may  be  blank. 

(2)  All  entries  are  right  justified  integers. 

(3)  Blank  entries  are  read  as  zero. 

(4)  Blank  or  zero  entries  do  not  generate  printer  plots. 

(5)  Mass  position  plots  occur  at  time  =  0,  and  at  intervals  equal  to  NPFCT  x  DP/DT  x  DT 

(6)  Format  for  this  card  is  1015. 

(7)  Use  columns  73-80  to  number  the  input  data. 


2-18 


KRASH  INPUT  DATA 


CARD  00 12  INITIAL  A1RPLANK  LIN LAR  VLLOCIT1ES 

DESCRIPTION:  Defines  the  initial  airplane  linear  velocity  components  with  respect  to  the  ground  coordinate 

system. 

FORMAT  AND  EXAMPLE 


0  1  2  3  4  5 

l 2345678901 2345678901 2345678901 2345678901 234567890 

6 

1 234567890 

7 

1234567890 

12 

— 1 

8 

34567890 

XGDOT 

YGDOT 

ZGDOT 

X 

0.0 

360  0 

_ 

u 

0012 

FIELD  CONTENTS 


XGDOT 

YGDOT 

ZGDOT 


Initial  Fore-and-Aft  Velocity  of  Airplane,  Positive  Forward 
Initial  Lateral  Velocity  of  Airplane,  Positive  Right 
Initial  Vertical  Velocity  of  Airplane,  Positive  Down 


REMARKS 


( 1)  Required  data  cards,  however,  it  may  be  blank. 

(2)  Velocity  units  are  inches  per  second. 

(3)  Blank  entries  are  read  as  /.ero. 

(4)  Entries  requiring  scientific  notation  (X.XEXX)  should  be  right  justified. 

(5)  Format  for  this  card  is  3E10.0. 

(6)  Use  columns  73-80  to  number  the  input  data. 
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KRASH  INPl’T  DATA 


CARD  0013  INITIAL  AIRPLANE  ANGULAR  VELOCITIES 

DESCRIITION  Defines  iIk1  initial  anplane  angular  vclodtv  components  with  respect  to  the  ground  coordinate 
system. 

FORMAT  AND  EXAMPLE 


0  1 
1234567890 

2 

1234567890 

3 

1234567890 

4  5 

12345678901234567890 

6  7  8 

123456789012345678901234567890 

PPR 

QPR 

RPR 

XT 

X7 

x 

X 

0  0 

0  012 

L 

0013 

FIELD  CONTENTS 

PPR  Initial  Airplane  Roll  Velocity,  Positive  Right  Wing  Down 

QPR  Initial  Airplane  Pitch  Velocity,  Positive  Nose  Up 

RPR  Initial  Airplane  Yaw  Velocity,  Positive  Nose  Right 


REMARKS 


( 0  Required  data  card;  however,  it  may  be  blank. 

(2)  Angular  velocity  units  are  radians  per  second. 

(3)  Blank  entries  are  read  as  zero. 

(4)  Entries  requiring  scientific  notation  (X.XEXX)  should  be  right  justified. 

(5)  Format  for  this  card  is  3F.  10.0. 

(6)  Use  columns  73-80  to  number  the  input  data. 
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KRASH  INPUT  DATA 


U ARP  OOU  MISTI  1  LANI  ()l  S  AIRPLANE  INITIAL  CONDITIONS 

DLSCKlPriON  Defines  the  uiitial  airplane  attitude  Euler  angles  and  the  initial  airplane  linear  position  with 
respect  to  the  ground  coordinate  system  and  defines  the  ground  plane  slope  angle. 

FORMAT  AND  EXAMPLE 


0  1 
1234567890 

2 

1 234567890 

3  4  5  6  7  8 

12 34 S6 7 890 12 34567 890 12 34 567 890 12 34567 890 123456 7890 12 34567890 

PHlPR 

THEPR 

PSIPR 

XGIN 

ZGIN 

BETA 

Zi 

0  0 

0  001 

0.0 

0  0 

1  U 

45.0 

0014 

FIFLD  CONTENTS 

PHlPR  Initial  Airplane  Roll  Fuler  Angle,  Positive  Right  Wind  Down  Radians 

THEPR  Initial  Airplane  Pitch  Filler  Angle.  Positive  Nose  Up  Radians 

PSIPR  Initul  Airplane  Yaw  Euler  Angle.  Positive  Nose  Right  Radians 

XGIN  Fore-and-Afr  Distance  of  Aiiplane  Initial  CG  Position  Relative  to  the  Basic  Position 

Calculated  in  the  Initial  Condition  Subroutine.  Positive  Aft  Inches 
ZGIN  Vertical  Distance  of  Airplane  Initial  CG  Position  Relative  to  the  Basic  Position 

Calculated  in  the  Initial  Condition  Subroutine.  Positive  Up  -  Inches 
BFTA  Ground  Plane  Slope  Angle,  Positive  Lip  Degrees 


REMARKS 


( 1 )  Required  data  card;  however,  it  may  be  blank. 

(2)  Blank  entries  are  read  as  zero. 

(3)  Normally,  'XGIN'  and  ‘ZGIN’  are  input  as  zero  and  the  KRASH  initial 
conditions  subroutine  positions  the  airplane  relative  to  ground. 

(4)  If  it  is  desired  to  have  the  airplane  impact  only  on  the  slope  and  not  on  the 
horizontal  ground,  a  large  value  of  ZGIN  may  be  input  (1000  inches).  This 
will  move  the  airplane  upward  ZGIN  above  the  horizontal  ground,  and 
simultaneously  move  it  forward  so  that  it  is  almost  contacting  the  slope. 

The  normal  initial  position  for  the  airplane  is  wedged  into  the  juncture  of 
the  horizontal  ground  and  the  slope  as  explained  in  Volume  I,  Section  1.3.15. 

(5)  Values  of  "BETA-  range  front  zero  to  ninety  degrees  (horizontal  to  vertical 
impact  surfaces). 

(6)  Entries  requiring  scientific  notation  (X.XEXX)  should  be  right  justified. 

(7)  Formats  for  this  card  is  6E  10.0. 

(8)  Use  columns  73-80  to  number  the  input  data. 


KRASH  INPIT  DATA 


CARIW  OIOI-OINM  M  ASS  POINT  OAT  A 


IMSCRIPTION 


IVittws  the  weight,  location  coordinates  and 
points  in  the  KRASH  model. 


mass  moments  of  inertia  foi 


each  of  the 


mass 


FORMAT  and  F.YAMPI  l 


KIFFH  CONTENTS 


WOT 

\DP 

YDP 

/.OP 

\l 

VI 

Z1 

RFMARKS: 


Weight  Pounds 

Fuselage  Station  Coordinate.  Positive  Alt  Inches 

Butt  line  Coordinate.  Positive  Left  Inches 

Waterline  Coordinate.  Positive  Up  Inches 

Roll  Mass  Moment  of  Ineitia  Inch  •  Pound  .  Second"’ 

Pitch  Mass  Moment  of  Inertia  Inch  .  Pound  .  Second"' 

V  aw  Mass  Moment  of  Inertia  Inch  •  Pound  •  Second" ' 


C) 

(3) 

(•») 

(S) 

(P) 

(7) 

(*> 


.....  wr^viincj  me  nuriilier  of  these  caids  toi  mont 

Blank',  m, !l  ’0Sl‘  ^  d°,ermincs  ,he  P”‘"<  number . 
oiank  entries  arc  read  as  zero. 

A?  lea  a,°  dc,'mcJ  »  '*«'« -handed  coordinate  system 

Mass  riuMiienV of^ine rUaC'civ>MtproSuc?s lie Hncdi* on  the* ’00(i  Vll . .  , 

n^E  jsrw  (X^xx>  ^  *  **  s-«^ 1 

l  se  columns  7.»-R()  to  nuniher  the  input  data. 


•aids 


KRASH  INPUT  DATA 


CARDS  0201-02NNP:  MASSLESS  NODE  POINT  DATA 

DESCRIPTION:  Defines  for  each  of  the  massless  node  points  in  the  KRASH  model  the  location  coordinates 

and  the  mass  point  number  to  which  each  is  rigidly  attached. 

FORMAT  AND  EXAMPLE: 


0 

1 

*> 

3 

4 

5 

6 

7 

8 

12 34 5678901 234567890 1234 567890 1234567890 1234 567890 1234567890 1234 567890 1234567890 

MNP 

INP 

XNPDP 

YNPDP 

ZNPDP 

x 

1 

12 

10.0 

- 1 2.0 

33.0 

0201 

FIELD  CONTENTS 

MNP  Massless  Node  Point  Number  (Right  Justified  Integer) 

INP  Mass  Point  Number  (Right  Justified  Integer) 

XNPDP  Fuselage  Station  Coordinate,  Positive  Aft  -  Inches 

YNPDP  Buttline  Coordinate,  Positive  Left  -  Inches 

ZNPDP  Waterline  Coordinate,  Positive  Up  --  Inches 


REMARKS 


(1)  Optional  data  card(s). 

(2)  ‘NNP’  on  card  0004  specifies  the  number  of  these  cards  for  input. 

(3)  ‘MNP’  and  ‘INP’  must  be  nonzero. 

(4)  Blank  entries  are  read  as  zero. 

(5)  The  massless  node  point  number  is  determined  by  taking  each  mass  point  and  numbering 
the  node  points  attached  to  it  1,2,3,...  etc.  There  is  no  limit  on  the  number  of  node 
points  that  may  be  connected  to  a  single  mass  point. 

(6)  The  location  coordinates  are  defined  in  a  left-handed  coordinate  system. 

(7)  User  should  not  place  a  node  point  on  the  center  line  for  a  RUNMOD  =  2  condition. 
Program  will  not  generate  a  connection  across  this  point.  User  can  place  node  point 
slightly  off  center,  if  necessary. 

(8)  Generally  used  to  model  regions  wherein  rigid  connections  exist  (i.e.,  seat ,  engine) 
or  where  multiple  behavior  is  being  represented  by  different  elements. 

(9)  Entries  requiring  scientific  notation  (X.XEXX)  must  be  right  justified. 

(10)  Format  for  this  card  is  215, 3E10.0. 

(11)  Use  columns  73-80  to  number  the  input  data. 
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kRASH  INPUT  DATA 


CARDS  0301 -03NSP  EXTERNAL  CRUSHING  SPRING  PARAMETERS 

DESCRIPTION  Defines  the  attach  point,  degiec-of-trcedom.  length,  ground  coeffieient  ol  friction,  bottoming 
out  spring  rate,  plowing  lorcc,  and  giound  flexibility  for  each  ol  the  external  crushing  springs 
in  the  kRASH  model. 

FORM  AT  AND  EXAMPLE: 


0 

12 

345 

1 

67890 

-  3  4  S  b  7  8 

1 2345678901 2345678901 2345678901 2345678901 2345678901 2345678901 234567890 

M 

_L 

K 

XLBAR 

XMU 

XKE 

FPLOW 

GFLEX 

D 

E 

mm 

0.3 

20000  0 

0301 

FIELD  CONTENTS 

M  Massless  Node  Point  Number  (Right  Justified  Integer) 

I  Mass  Point  Number  (Right  Justified  Integer) 

k  Degree-of-Freedorn  in  Which  External  Crushing  Spring  Acts  Where  1.2,3  Corresponds  to  the 

X,  Y,  Z  Directions  in  the  Mas*  Poult  or  Body  Coordinate  System  (Right  Justified  Integer) 
XLBAR  Free  Length  of  Spring  Either  Positive  or  Negative  in  the  Mass  Point  or  Body  Coordinate 

System  -  Inches 

XMU  Impact  Surface  Coefficient  of  Friction.  Values  of  Between  0.35  to  O.bO  are  Appropriate  For 

Structure  to  Ground  Contact. 

XKE  Bottoming  Out  Spring  Rate  Pounds  Per  Inch 

FPEOW  Plowing  Force  -  Pounds 

GFLF.X  Impact  Surface  Flexibility  -  Inches  Per  Pound 


REMARKS 


( 1 )  ’NSP’  on  card  0004  specifics  the  number  of  these  cards  for  input. 

(2)  Blank  entries  are  read  as  zero. 

(3)  At  least  one  external  crushing  spring  is  required. 

(4)  The  free  length  of  the  external  crushing  spring  is  arbitrary;  however,  the  value  generally 
represents  the  actual  depth  of  the  crushable  structure. 

(5)  A  value  of  zero  for  the  impact  surface  flexibility  (GFLEX)  represents  a  rigid  surface.  A 
flexibility  value  of  0.0003b  in/lb  is  an  approximate  representation  in  kRASH  for  soil 
having  a  CBR  =4  and  moisture  content  of  =30  percent. 

(6)  Entries  requiring  scientific  notation  (X.XEXX)  must  be  right  justified. 

(7)  Format  for  this  card  is  12, 13,15.  5E  10.0. 

(8)  Use  columns  73-80  to  number  the  input  data. 


KK ASM  IM’l  I  DM  A 


CARDS  040 1  04NSI'  I  \  1 1  KN  U  I  Kl  SHIM.  Sl'KINi,  IOAO  Dl  I  I  I  CHON  AND  DAMI’IMi  I’ A  KAMI  II  KS 

PF  SCRIPT  ION  IV i  ines  lout  deflection  i^'inis.  uvo  lojd  values  .ind  one  damping  value  U>i  each  external  c t usliiut; 

spring  in  (lie  kK  ASH  model 

FORMAT  AND  FAAMI’LI 


0  1 

A 

t 

4 

6 

- 

8 

1  2545678001  25456'S001 25486'8O0l 25456'800l 25456'SOOI 25456'800l 25456'SOOI 2 

5  4  5  6 ' 8  0  0 

SI 

SA 

SB 

SF 

FSPOI 

FSPOI 

CDAMP 

0  1 

1  0 

5.5 

5  0 

1  0000  0 

25000 0 

.08 

_ 

0401 

FIELD  CONTI  NTS 


SI 

SA 

SB 

SI 

FSPOI 

FSPOP 

CDAMP 


Deflection  Point  at  Which  I  nsl  l.meai  Region  Ends  and  l-'u st  Nonlinear  Region  Begins  Inches 
Deflection  Point  ai  Winch  Fust  Nonlinear  Region  Fnds  and  Second  I  meai  Region  Begins 
Inches 

Deflection  Point  at  Which  Second  I  meat  Region  I  nds  and  Second  Nonlinear  Region  Begins 
Inches 

Deflection  Point  at  Which  Second  Nonlinear  Region  I  nds  and  Lineal  Bottoming  Out  Begins 
Inches 

Constant  Load  Between  Deflection  Points  SI  and  SA  Pounds 
Constant  Load  Between  Deflect  ton  Points  SB  and  SI  Pounds 
Critical  Damping  Milne  Acceptable  Range  is  O'  to  10 


RFM  ARkS 


Cl)  NSP-  on  cjtd  tX>04  specifies  the  nuinhei  s> t  these  cauls  lot  input. 

(2)  These-  load -dc flection  catds  must  he  oulcred  to  cotrespond  with  the  0500-senes  cauls  of 
external  cuishmg  spung  data 

(.')  The  general  shape  of  the  load-de (lection  ctuve  is  as  follows 


LOAD 

POUNDS 


2-25 


a 


kRASH  INPUT  DATA 


ARDS  040 1-04NSP  EXTERNAL  CRUSHING  SPRING  LOAD-DEELECTION  AND  DAMPING  PARAMETERS 
(Continued) 

(4)  External  spring  damping  in  program  kRASH  is  computed  as. 


2  .  ('DAMP*  /(FSPOI/Sl)  /  WOT  *  386.4 


(5)  Entries  rc^uinng  scientific  notation  (X.XEXX)  should  be  right  justified. 

(6)  Formal  for  this  card  is  7E10.0. 

(7)  Use  columns  73-80  to  number  the  input  data. 


2-26 


KK ASH  INI’l'l  DAI  \ 


(  AKPS  (DPI 

~PXNH  HI  AM  I  l  I  Ml  NT  PROI’FRTU  S 

1)1  SC  RUT  ION  l)r  lines  the  end  points  and  cioss  see  iion.il  pi  ope  i  lies  loi  e.ieli  beam  element  in  the 
KKASII  model 

FORMAT  AND  I  XAMI’I  I 


0  1  2  .!  4  5  ft  7  8 

1  2345678401  2  14  567840  |  2 .145678401  2345678401  ;  .145678401  2  14  567840 1  2 .14  567840 1  23456’84() 

D 

■ 

D 

■ 

A  A 

XJ 

IY  Y 

1  It 

XII) 

/ 1 

■B 

1 

■ 

■ 

D 

E 

0.5 

0  0 

.1  67 

1  54 

0  0 

0  0 

0.0 

0501 

Mill)  CON  I  INIS 


M 

I 

N 

J 

AA 

\J 

IVY 

I// 

MO 

/I 

1.1 

MC 


Massless  Node  I’oinl  Nunihei  Al  I  ml  "I"  (Right  .Instilled  Inlcgei) 

Mass  I’oinl  Numbei  Al  I  ml  I"  (Right  Jusiilied  Inlcgei) 

Massless  Node  I’oinl  Nunihei  al  Iml  J'  ( Right  Justified  Intern  I 
Mass  I’ouil  Nuinliei  Al  laid  "I"  (Kir, III  Jusiilied  Inlrgri) 

Cioss  Seellonal  Aiea  Inches'**.' 

Tuisioii.il  Stillness  Ineiiia  Incites**-! 

Cioss  Seellonal  Aiea  Monienl  ol  Ineiiia  About  Heam  I ■  lenient  1  Avis  Foi  Bending  In  \  / 
1*1  anc  lnches**4 

Cioss  Seellonal  Aiea  Monienl  Ol  Ineiiia  Al'oul  Hearn  I  leinenl  /  Axis  l  oi  Bending  In 
X  V  Plane  Indies**-) 

Cioss  Seeiion.il  Shape  I  aeloi  Relating  loisionalSlie.il  Sliess  To  1'lie  Vpphed  Moment 
I /Indies  *  *  i 

Distance  From  The  Neutral  Axis  lo  Hie  I  xlieme  labels  In  Hie  Heam  I  lenient 
/  Direction  Inches 

Distance  Fioiii  llie  Nrutial  Axis  lo  llie  Fxtieme  laheis  In  llie  Heam  I'lemenl 
Y  Direction  Inches 

Matenal  Code  Nunihei  (Right  Instilled  Intern) 


RFMARIxS 


( I )  "NH'  on  caul  000-1  specifies  llie  nunihei  ol  these  i  aids  loi  input 

( J)  Blank  entries  aie  read  as  /no 

(  0  At  least  one  heam  element  must  he  detmed 

1*1 )  Ihe  mass  point  nunihei  at  end  "I  musl  he  less  than  the  mass  poult  nunihei  al  end  ".I" 

(X)  Tile  ordei  ol  these  data  cauls  detenmnes  llie  heam  element  nunihei 
(<>)  II  "XJ"  is  input  as  /no.  K  K  ASI I  wall  autoniatic.illi  compule  a  value  loi  "XJ"  us 
the  sum  ol  TYY"  and  "I//.” 

( /)  Hie  heam  elenieni  coordinate  s\  stem  depends  on  llie  geometric  oiicntation  as  shown 
in  ligute  2-.'. 

(S)  "\IO"."/  l  ".  ami  "/l"  aie  used  only  loi  sliess  calcul.it ions  (See  Section  I  1. 1 7  in  Volume  1 1 
(■>)  I  he  toisioual  sliess  paiametei  "XllJ"  is  eipial  to  the  shape  lueloi  "  I  0"  used  in  Roaik's 

IoiiiiiiIiis  loi  stress  and  stiain  (Reference  4). 

(10)  KRASII  has  ten  standard  matriials  iiilerualh  delmed  as  shown  in  Table  .' 

(11)  I  nines  ict|iiiiing  scienlllic  notation  ( \  \l: XX)  should  he  light  iiilsilied 
( 1 .’)  Formal  loi  this  caul  is  .’(12.  I  I ),  XT  1 0  0,  2F5  0,  I .’ 

(ID  Use  columns  J.l  SO  to  mimhet  the  input  data 


CENTER-OF-ORAVITY 
COORDINATE  SYSTEM 
—■ — ■ —  ( TY  P ) 


iRIC.HTl 


FORE-AND-AFT  SEAM  ELEMENT 


DOWN  I 


LATERAL  SEAM  ELEMENT 


VERTICAL  BEAM  ELEMEN 


SEAM  ELEMENT  INCLINED 
IN  X-:  PLANE 


KRASH  INPUT  DATA 


CARDS  0601 

Ot'NMTI  NON  STANDARD  MATERIAL  PROPERTIES 

— 1— ->>TI0^  De,lnes  non-standard  material  properties  tor  beam  elements  m  the  KRASH  model 

FORMAT  AND  EXAMPLE 


r~ - — - — - - - - - - - 

0 

1  2.14  5 

1 

67840 
C"  J 

* 

1234567890 

3 

1 234567890 

4  5  b  7  8 

1 23456^8901 23456*8901 23456'890l 2345678901 234567890 

MC 

EE 

GG 

STENS 

— 

SCOMP 

SHEAR 

>!< 

1 1 

I0.3E06 

3.9E06 

35000  0 

34000  0 

17000  0 

imi 

0601 

HMD  CONTENTS 


MC 

EE 

GO 

ST!  NS 
SCUMP 
SHI  AR 


Material  Code  Number.  MC  =  1 1-20  (Right  Justified  Integer) 
Modulus  Of  elasticity  Pounds  Per  Inch**: 

Modulus  Of  Rigidity  Pounds  Per  Inch**: 

Tensile  Yield  Stress  Pounds  Per  Inch**: 

Compressive  Yield  Stress  Pounds  Per  Inch**: 

Shear  Stress  Pounds  Per  Inch**: 


REMARKS 


(1) 

(2) 

(-’) 

(4) 

(5) 

(6) 

(7) 

(8) 


Optional  data  card(s). 

NMTL  on  card  (X)04  specifics  the  number  of  these  cards  for  input 
Blank  entries  are  read  as  zero. 

The  yield  stress  properties  are  required  when  stress  calculations  aie  desired 
l  he  standard  materials  available  in  KRASH  are  listed  in  Table  \  ’ 

Fntries  requiring  scientific  notation  (X.XEXX)  should  be  right  Vilified 
Format  tor  this  card  is  IS,  SX.  SEI0.0. 

Use  Columns  7.1-80  to  number  the  input  data. 
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KK ASM  INPUT  DATA 


CAKPSQ7QI 

07NPIN  BEAM  ELEMENT  PINNED  END  CONDITIONS 

DESCRIPTION  Defines  the  end  points  and  the  degrees-of-freedom  tot  the  beam  elements  with  pinned 
end  conditions  in  the  KRAS1I  model. 

EORMAT  AND  EXAMPLE 


0  1  2  3  4  5  6  7  8 

1 2345678401 2345678401 2345678401 2345678401 2345678401 2345678401 2345678401 23456*840 

c 

■ 

C 

B 

PYI 

PZI 

PYJ 

PZJ 

SF35 

SF26 

SF35J 

SF26J 

_ 

E 

Q 

D 

m 

1 

■0 

10 

1.5 

1.2 

1° 

_ 

0701 

HELD  CONTENTS 


M 

I 

N 

J 

PY1 

PZI 

PYJ 

PZJ 

SF35 

sf:6 

SF35J 

SF26J 


Massless  Node  Point  Number  At  End  “I" 

Mass  Point  Number  At  End  "I" 

Massless  Node  Point  Number  At  End  "J  " 

Mass  Point  Number  At  End  "J"' 

Pin  Flag  For  Bending  Moment  About  Hearn  Element  Y-Axis  At  End  "I" 

Pin  Flag  For  Bending  Moment  About  Beam  Element  Z  Axis  At  End  “I" 

Pin  Flag  For  Bending  Moment  About  Beam  Element  Y-Axis  At  End  "J" 

Pin  Flag  For  Bending  Moment  About  Beam  Element  /.  Axis  At  End  "J" 

Beam  Shape  Factor  At  End  "I"  About  Beam  Y-Axis 
Beam  Shape  Factor  At  End  “I".  About  Beam  /.  Axis 
Beam  Shape  Factor  At  End  “J"  About  Beam  Y-Axis 
Beam  Shape  Factor  At  End  "J”  About  Beam  /.-Axis 


REMARKS 


( 1 )  Optional  data  card(s). 

(2)  "NPIN"  on  card  0004  specifies  the  number  of  these  cards  I'm  input 

(3)  The  pin  (lags  are  defined  as  follows: 

0  =  Fixed 

I  =  Pinned 

(4)  Blank  entries  are  road  as  zero. 

(5)  All  entries  except  SE26.  SF3S,  SE2bJ  and  SE35J  are  right  justified  integers. 

SF26,  SF35,  SF2bJ  and  SI- 35 J  are  EI0.0  format. 

(6)  The  beam  element  Y-  and  Z-axis  directions  depend  on  the  beam  element  geometric 
orientation  as  shown  in  Figure  2-3. 

(7)  Bending  moments  about  the  beam  clement  V-  and  /.-axes  correspond  to  bending  moments 
in  the  beam  clement  X-Z  and  X-Y  planes,  respectively,  as  outlined  in  Table  2-3. 

(8)  All  entries  requiring  scientific  notation  (X.XEXX)  should  be  tight  justified 

(9)  Format  for  this  card  is  2  (12.  13).  415.  4EI0.0. 

( 10)  Beam  shape  factors  SE26  and  SF35,  SE26J,  and  SF35J  can  be  obtained  from  Table  2  4. 
and  Reference  14. 

(11)  SE26.  and/or  SE35  values  are  required  foi  representation  ot  plastic  hinge  at  beam  end  I 

( I  2)  SF26J  and/or  SE35J  values  are  required  for  representation  of  plastic  lunge  at  beam  end  J. 
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NOTE: 


The  end  fixity  card  is  used: 

(a)  to  pin  one  or  both  ends  of  a  beam 


If  a  beam  end  is  to  be  pinned  then  the  desired  PY,  PZ,  PYJ  and  PZJ  flags  are  used 
and  the  SF26,  SF35,  SF26J  and  SF35J  values  are  input  at  zero.  The  program  will 
treat  these  beams  as  not  providing  for  moments  at  the  appropriate  end  and  direction. 

(b)  define  a  beam  that  can  develop  a  plastic  hinge  at  one  or  both  ends  of  the  beam. 

If  a  plastic  hinge  is  represented  the  appropriate  beam  and  direction  (PY,  PZ,  PYJ,  PZJ) 
must  be  flagged  and  a  corresponding  (SF35,  SF26,  SF35J,  SF26J)  must  have  a  value. 
The  program  will  treat  such  a  beam  as  fixed  until  such  time  as  the  plastic  moment  is 
formed.  Thereafter  the  beam  moment  in  the  noted  direction  is  maintained  (no  longer 
changes).  In  order  to  use  the  plastic  moment  equations  the  user  must  have  beam 
section  properties  Z1  or  Z2  (card  0S01)  defined  since  KRASH  computes  the  plastic 
moment  as  follows: 


Mp  =  f 


where 

f  =  shape  factor  (SF3  5,  SF26,  SF3  5 J,  SI?26J) 


<ry  -  material  yield  stress  (contained  in  the  material 

code  table),lb/in2 

I  =  area  moment  of  inertia,  either  I  or  I  ,  in4 

yy  ll 

ymax  =  distance  to  neutral  axis  either  Z1  or  Z2  ,in 


The  following  table  shows  the  relationship  between  directional  moments  and  appropriate 
input  terms  for  program  KRASH. 
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TABLE  2-3.  RELATIONSHIP  FOR  DIRECTIONAL  MOMENTS  AND  INPUT  TERMS  IN  (CRASH 


— 

APPROPRIATE  INPUT  REQUIREMENT 

FORCE 

ALONG 

MOMENT 

ABOUT 

'  FORCE, 

MOMENT 

KRASH 

DIRECTION 

AREA 

MOMENT 

OF 

DISTANCE  FROM 

N  A.  TO  ELEMENT 

SHAPE 

FACTOR 

H  a 

INERTIAL 

EXTREME  FIBER 

■I | 

KM 

AXIS 

AXIS 

DESIGNATION 

NUMBERS 

(CARD  0005) 

(CARD  0501) 

ESI 

H339 

esi 

z 

y 

Tz.  Mg 

3,5 

'y 

Z1 

SF35 

SF35J 

PY 

PYJ 

y 

L 

Fy,  M* 

2,6 

*z 

Z2 

SF26 

SF26J 

PZ 

PZJ 

TABLE  2-4.  SHAPE  FACTORS  FOR  PLASTIC  HINGE  BEAMS  (Reference  14) 


SHAPE 


A 

A 


2.37 

2.0 


SHAPE  FACTOR,  f 
(SF35,  SF26,  SF35J,  SF26J 
IN  PROGRAM  KRASH 


0 


f  =  z/s 

Z  =  2  He 
S  =  f/Ymax 


where: 

I  =  Section  area  moment  of  inertia 

Ymax  =  Distance  from  neutral  axis  to  extreme  fiber 

He  =  Static  moment  of  half  the  cross  section  with  respect  to  the  neutral  axis 

Z  =  Plastic  modulus 

S  =  Elastic  section  modulus 

f  =  Shape  factor 
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KRASH  INPUT  DATA 


CARDS  0801 

08NUB  AXIALLY  UNSYMETR1C  BEAM  ELEMENT  PARAMETERS 

DESCRIPTION:  Defines  end  points,  type  of  load,  and  deadband  for  the  beam  elements  with 

unsymetrical  axial  properties  in  the  KRASH  model 


FORMAT  AND  EXAMPLE 


FIELD  CONTENTS 

Massless  Node  Point  Number  At  End  “I"  (Right  Justified  Integer) 

Mass  Point  Number  At  End  “I”  (Right  Justified  Integer) 

Massless  Node  Point  Number  At  End  “J"  (Right  Justified  Integer) 

Mass  Point  Number  At  End  "J”  (Right  Justified  Integer) 

Rag  For  The  Type  Of  Axial  Loading  In  The  Beam  Elements 
IJUB=  +1.  Tension  Only 
IJUB=  - 1 ,  Compression  Only 
Deadband  for  axial  loading,  inches 

( 1 )  Optional  data  card(s). 

(2)  “NUB”  on  card  0004  specifies  the  number  of  these  cards  for  input. 

(3)  Blank  entries  are  read  as  zero. 

(4)  The  general  form  of  the  load-deflection  curve  for  the  axially  unsymetric  beam  element 
is  as  follows: 


(5)  This  type  of  beam  element  may  also  incorporate  nonlinear  characteristics  by  specifying 
the  nonlinear  properties  per  the  1 200-series  cards. 

(6)  The  axial  load-deflection  curves  that  can  be  obtained  using  this  capability  are  described 
in  Volume  I,  Section  1.3.5J.5. 

(7)  Format  for  this  card  is  2  (12, 13),  1 S,  5X.  E  10.0. 

(8)  Use  columns  73-80  to  number  the  input  data. 


M 

I 

N 

J 

IJUB 


DB 

REMARKS: 
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KRASH  INPUT  DATA 


C  ARD  0**00  SHOCK  STRUT  DATA 
PI- SCRIPI  ION  Trie  Mon  tour  coefficient 

FORMAT  FXAMPLF 


0  1 

1 234  >67840 

> 

1 2  34>ft7840 

3 

1 2  <4567840 

4  5  6  "  s 

1  2  34  56 '840 1  2 34 56 '840  1  2  3456'840l  23456*8401  23456*840 

ALPHAP 

X 

>< 

E 

10 

0400 

FIFLD  CONTFNTS 

ALPHA  Constant  For  Use  In  Computing  Shock  Stiut  Friction  Force 


Rl  MARKS 


( 1 )  Optional  data  card 

(2)  Required  only  if  NOLEO  ^0  (card  004) 

(3)  Only  I  card  regardless  of  NOLLO  value 

(4)  Blank  entry  read  as  zero 

(5)  Range  ol  ALPHAP  is  between  I  to  2  0.  The  smaller  the  alphap  used  the  closet  the 
representation  is  to  pure  Coulomb  friction.  C.eneralli  a  value  of  1 .0  is  suitable. 

(6)  Sec  Appendix  A  for  the  discussion  on  oleo  friction  forces  for  alphap  selection. 

(7)  Format  for  this  card  is  FI 0.0. 

(8)  Use  columns  73-80  to  number  the  input  data. 


1 

'  ; 
. 
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KRASH  INPUT  DATA 


CARDO^l 


WNOLfcO  SHOCK  STRUT  DATA 
DESCRIPTION  Air  curve  parameters 
FORMAT  EXAMPLE 


field  CONTENTS 


M 

I 

N 

J 

EOLEO 

FAO 

FAA 

EXPOLE 

YMAX 


Massless  Node  Point  Number  In  End  "I"  (Right  Justified  Integer) 
Mass  Point  Number  At  End  “I”  (Right  Justified  Integer) 

Massless  Node  Point  Number  At  End  “J"  (Right  Justified  Integer) 
Mass  Point  Number  At  End  "J"  (Right  Justified  Integer) 

Effective  Total  Strut  Cylinder  Length,  in. 

Fully  Extended  Gear  Preload,  lb. 

Ambient  Air  Preload,  lb. 

Polytropic  Exponent. 

Maximum  Stroke,  in. 


REMARKS: 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 


Optional  data  cards. 

NOLEO  on  card  0004  specifies  the  number  of  these  cards  for  input 

requlringsclen'iflc  notation  (X.XEXX)  should  be  right  justified. 
EXPOLE  ranges  from  1  (isothermal)  to  1.4  (adiabatic).  Adiabatic  condition  will 
usually  prevail. 

&e  Appendix  A  for  a  description  of  the  shock  strut  parameters  and  their  usaec 
Format  for  this  card  is  2  (12,  I3),5E10.0. 

Use  columns  73-80  to  number  the  input  data. 
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KRASH  INPUT  DATA 


CARD  1001 

10 NO  110  SHOCK  STRUT  DATA 

DESTRUCTION  Damping  constants,  linear  springs  at  extended  and  compiessed  ends  ol  strut  tiavel  and 
coulomb  friction. 

FORMAT  EXAMPLE 


0  1  2  3  4  5  6  7  8 

1  2  34  5b 7890  1  334  567840  1  2  1456784012345678401  2 34 56' 840 1 2 34 567840 1 2 34 567840 1  2  34  56*840 

D 

■ 

0 

■ 

BOLEO 

BROLEO 

XKEXT 

XKCOMP 

FCOUL 

x 

o 

■ 

■ 

1 

E 

0  24 

0  48 

10000 

10000 

■BBS 

□ 

1001 

FILL  D  CONTENTS 


M 

I 

N 

J 

BOLEO 

BROLEO 

XKEXT 

XKCOMP 

FCOl'L 


Massless  Node  Point  Number  At  End  "I  (Right  Justified  Integoi ) 
Mass  Point  Number  At  End  "I"  (Right  Justified  Integer ) 

Massless  Node  Point  Number  At  End  "J'-  (Right  Justified  Integer) 
Mass  Point  Number  At  End  "J"  (Right  Justified  Integer) 

Strut  Orifice  Damping  lb -sec- 'in  - 

Strut  Rebound  Valve  Damping  lb-sec-/in- 
Linear  Spring  At  Extended  End  Of  Strut  Travel,  lb.  in . 

Linear  Spring  At  Compressed  End  Of  Strut  Tiavel.  Ib/in 
Coulomb  Or  Constant  Friction  Force,  lbs. 


REMARKS 


( 1 )  Optional  data  cards. 

(2)  '  NOLEO”  on  card  0004  specifies  the  numbei  of  these  cards  foi  input. 

(3)  All  entries  requiring  scientific  notation  (X.XE.WI  should  be  right  justified 

(4)  Format  for  this  card  is  2(12.  13).  5EI0.0. 

(5)  See  Appendix  A  for  a  description  of  the  shock  strut  paiameters  and  their  usage. 

(6)  Use  columns  73-80  to  number  the  input  data. 
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KRASII  INPUT  DATA 


CARD  I  100  BTAM  ELEMENT  DAMPING  RATIO 

DESCRIPTION  Defines  an  overall  damping  ratio  lor  the  beam  elements  in  the  KRASH  model 
FORMAT  AND  EXAMPLE 


FIELD  CONTENTS 

DAMPC  Damping  Ratio  (Actual/Critical) 

REMARKS  ( I )  Required  data  card,  however,  it  may  be  blank. 

(2)  Blank  entrj^is^read  as  zero  damping  for  all  beams^ _ 

(3)  DAMPC  values  generally  range  from  .02  to  .10.  Suggest  .04  value’ 

(4)  Format  for  this  card  is  El 0.0 

(5)  Use  columns  73-80  to  number  the  input  data. 


KRASH  INPUT  DATA 


CARDS  1101 

■ilNU  NON-STANDARD  BEAM  ELtMENT  DAMPING  RATIOS 

DESCRIPTION  Defines  the  end  points  and  damping  ratio  for  each  beam  element  in  the  KRASH  model 
lor  which  a  non-standard  damping  ratio  is  required. 

FORMAT  AND  EXAMPLE: 


l2USh^H«>0i;34Sb7H90i:.USb7>i'>0i;,^5h?X<»0i:.US67H90i;.USft7R<>niM.i< 


u 

-ilN[  J 

c 

567S90I  23456.7890 


Massless  Node  Point  Number  At  End  "I"  (Right  Justified  Integer) 
Mass  Point  Number  At  End  "I"  ( Right  Justified  Integer) 

Massless  Node  Point  Number  At  End  “J”  (Right  Justified  Integer) 
Mass  Point  Number  At  End  "J”'  (Right  Justified  Integer) 
Damping  Ratio  (Actual/Critical) 


REMARKS:  (I)  Optional  data  card(s). 

™  °n  Card  00(M  sPeci,ies  the  number  of  these  cards  for  input 
(J)  Blank  entries  are  read  as  zero. 

(4)  Format  for  this  card  is  2  (12.  13).  E10.0. 

(5)  Use  columns  73-80  to  number  the  input  data. 


KR  ASH  INPUT  DATA 


CARDS  I  201 

I  2NEB  NONLINEAR  BEAM  ELEMENT  PARAMETERS 

DESCRIPTION  Delines  the  end  points,  degree-of-freedom.  KR  table  type,  and  linear  dcllection  points  lor 
—  the  nonlinear  beam  elements  in  the  KRAS11  model. 


FORMA  r  AND  EXAMPLE 


0  12  3  4 

1  2  34  56  78901 2  3456  78901 234  5678901 23456  7890 

5 

1234567890 

6 

I  234567890 

7 

1234567890 

1  2 

8 

34567890 

0 

B 

E 

B 

BB 

NP 

LDP 

LDP1 

X 

X 

■ 

B 

D 

B 

E 

BD 

15 

BEDS 

u 

1201 

FIELD  CONTENTS 


M  Massless  Node  Point  Number  At  End  "  1  ”  ( Ripjit  Justified  Integer) 

I  Mass  Point  Number  At  F.nd  “I"  (Right  Justified  Integer) 

N  Massless  Node  Point  Number  At  End  "J"  (Right  Justified  Integer) 

J  Mass  Point  Number  At  End  "J"  (Right  Justified  Integer) 

1  Nonlinear  Degree-Of-Freedom  Where  L  =  1 ,  2.  3.  4.  5,  6  Corresponds  To  The  Beam  Element 

Coordinate  System  Directions  X.  Y,  8 , 4*  ■  Respectively  (Right  Justified  Integer) 

NP  Number  Of  Data  Points  Used  In  KR  Table  (Right  Justified  Integer) 

LDP  Deflection  At  Which  Nonlinear  Behavior  Begins  Inches 

LDP1  Deflection  At  Which  Nonlinear  Behavior  Ends  And  Linear  Restiffening  Begins  Inches 


REMARKS 


(1)  Optional  data  card(s). 

(2)  “NLB  ’  on  card  0004  specifies  the  number  of  these  cards  for  input. 

(3)  Blank  entries  are  read  as  zero. 

(4)  The  nonlinear  degrees-of- freedom  are  specified  in  the  beam  element  coordinate 
systems  shown  in  Figure  2-3. 

(5)  For  "NP"  =  5-9  the  corresponding  standard  KR  tables  are  shown  in  Figure  2-4.  For 
"NP”  >9  the  user  will  input  a  nonstandard  KR  table  with  “NP"  data  points. 

(6)  "LDP  1  ”  is  used  only  for  the  KR  table  “NP"  =  9. 

(7)  The  theory  on  how  the  KR  curves  are  used  to  calculate  internal  beam  loads  is 
shown  in  Volume  I,  Section  1.3.5 .3 .4. 

(8)  Format  for  this  card  is  2  (12. 13)  215, 2E10.0. 

(9)  Use  columns  73-80  to  number  the  input  data. 
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KRASIf  INPCI  PA1\ 

C  ARPS  MO  I 

1.1  XX  NON STANPARP KR  I  AIM  I  PAf  A  POINTS 

PKSC  RIPTION  Defines  mm  standaul  K  R  tables  lot  the  nonhneai  Iv  .mi  elements  id  the  K  R  ASI I  model 
which  cannot  he  desenhed  with  the  standaul  KR  tables 

KORMAT  AND  I  XAMPl  I 


I  '  14  Sts  ~  S 40  I  '  14  S o' N 40  I  '  14  Sts  ~ S 40  I  ’  14  Sts  '  ,SUO  I  2  1 4  S(s  '  VM)  I  '  1 4  S<s  '  S4  0  I  *  14  Sts  ~N4()  I  '  14  Sts  ^  N 40 


1*1 


ni  l  P 

CONTI  N  I  S 

XKR 

Deflection  Inches 

KR 

Stillness  Reduction  lactoi  it  XKR 

Rl MARKS 

(I) 

Optional  data  cauls 

Cl 

hot  each  use  of  "NR"  >  4  on  the  1  '00  senes  cauls.  ''Nl’"  ol  these  cauls  ate 

tei|utred  input. 

(D 

Blank  entiles  are  read  as  /eio 

(41 

1 1 hin  each  set  of  NP  data  cauls,  dellections  must  he  in  ascending  oulet 

(S) 

1  ach  set  ol  "NP  data  cards  must  he  ouleied  to  cot lespond  with  the  1  '00  senes 

cards  when’  "NP"  '  4  is  used 

«'l 

honnat  lot  this  caul  is  71  10  0 

(7) 

Pse  columns  7.1  SO  to  nunthet  the  input  data 

KKASII  INPUT  DM  A 


CARD  1400  CONTROL  VOI  UM1  MASS  PI  Nl  I  KAI  ION  I’ARAMF  I  I  KS 

DESCRIPTION  Defines  a  contiol  volume  aioimd  a  selected  mass  pomi  m  the  KKASII  model  which  is 
monitored  loi  penetration  In  another  mass  point  dining  the  analysis 

FORMAT  AND  FXAMPL  I 


t)  i  :  <  4  s  t»  -  s 

1  M45t»7N*>0|  M4S67K40I  :  t4st>7S*)|)|  7  <4M.’S'M)I  734 So'S^O I  7  U5t.’N'»()l  Wst>'N>)0l  :44Sh"S‘>0 


XN 

XP 

YN 

YP 

ZN 

ZP 

►:< 

10  0 

3.0 

4.0 

10.5 

2  1 

□ 

1400 

FIELD  CONTENTS 


XN 

XP 

YN 

YP 

ZN 

ZP 


Distance  Horn  Mass  Point  I'o  Alt  Side  Ol  Contiol  Volume 
Distance  FT om  Mass  Point  l'o  Foiward  Side  Ol  Contiol  Volume 
Distance  From  Mass  Point  To  left  Side  Ol  Control  Volume 
Distance  From  Mass  Point  To  Riytlit  Side  Ol  Contiol  Volume 
Distance  From  Mass  Point  To  Top  Side  Ol  Control  Volume 
Distance  From  Mass  Point  To  Bottom  Side  Of  Contiol  Volume 


REMARKS  (I)  Optional  data  caul 

(*)  'MVP"  on  card  0004  specifies  the  mass  point  number  tor  which  this  data  caul  applies 
(-0  Only  one  mass  point  may  have  a  control  volume 

(4)  Blank  entries  are  read  as  zero. 

(5)  All  distances  aie  positive  and  units  are  inches 

(b)  1  ■or  a  RUNMOD  7  the  MVP  mass  should  he  selected  tiom  a  mass  point  located  on 
the  airplane  centerline  This  restriction  doesn’t  apply  to  RUNMOI)  0  oi  1 

(7)  Any  of  the  model  mass  points  may  penetrate  the  designated  control  volume  of  the  model 

(8)  Che  mass  penetration  calculations  are  described  in  Volume  I,  Section  I C  10 
(4)  Format  for  tins  card  is  6F  10.0 

( |0)  Use  columns  73-80  to  numhci  the  input  data 


KRASH  INIHIT  DATA 


CARDS  1401- 

I40k\  DRI  ELEMENT  SPECIFICATION 

DESCRIPTION  Defines  the  end  mass  points  ot  the  DRI  beam  elements  in  the  KRASH  model 


FORMAT  AND  EXAMPl  I 


FIELD  CONTFNTS 

II  Mass  Point  Number  At  End  "I" 

Jl  Mass  Point  Number  At  End  “J" 

REMARKS  (1)  Optional  data  cardfs). 

( *)  "NDRI  on  card  0004  specifies  the  number  of  these  cards  for  input. 

(3)  All  entries  are  right  justified  integers. 

(4)  Blank  entries  are  read  as  zero. 

(5)  Up  to  seven  DRI  beam  elements  can  be  specified  on  each  card.  (Normally  an  analysis 
requires  front  I  to  4  DRI  elements). 

(6)  DRI  beam  element  section  properties  can  lie  defined  on  the  0500-serics  cards  oi  if  a 
MTL  code  ot  10  is  used  the  program  will  automatically  compute  the  DRI  properties. 

(7)  Beams  that  connect  massless  node  points  cannot  be  used  as  DRI  elements,  only 
direct  mass  to  mass  connection  is  allowed. 

(8)  The  usage  of  DRI  elements  is  described  in  Volume  I.  Section  I  ..Cl 

(9)  Format  for  this  card  is  1415. 

(10)  Use  columns  73-80  to  number  the  input  data. 


KK ASH  INPUT  DATA 


C’AKDS  I  SO  I 

1  5NVCH  OCCUPIABl  I  VO!  UMI  CHAM, I  PARAMFTF  KS 

l)t  S(  KIITION  IX' linos  occupiable  volumes  m  the  KRAS! I  model  toi  volumo  change  calculations  In 
specifying  the  eight  corner  mass  points. 

FORMAT  AND  FXAMPL! 


FIFLD  CONTI  NTS 


II 
1 1 
IT 

14 

15 
lo 
I? 
18 


Mass  Point  Number  At  Forward  I  ml.  Upper  I  etl  llaml  Coinei 
Mass  Point  Number  At  Forwaid  Fnd.  Upper  Right  Hand  Coinei 
Mass  Point  Number  At  Alt  Iml.  Upper  Left-Hand  Coinei 
Mass  Point  Number  At  Aft  Iml.  Upper  Right-Hand  Comer 
Mass  Point  Number  At  Forward  I  ml.  I  ower  I  elt-Hand  Comer 
Mass  Point  Number  At  Forward  Fnd.  I  ower  Right-Hand  Corner 
Mass  Point  Number  At  Aft  I  ml.  lower  Left-Hand  Comer 
Mass  Point  Niuuhcr  At  Aft  Fnd.  I  ower  Right  Hand  Coiner 


Rl  MARKS  (I)  Optional  data  card(s) 

( ’)  "NVC  II  on  card  0004  specifies  the  numbei  of  these  cauls  foi  input 
(3)  All  entries  are  right  Instilled  integers 
(41  Blank  entries  are  not  allowed. 

(5)  The  volume  change  calculations  are  explained  in  Volume  I  Section  I  Cl  I  (Figure  Mo). 

(0)  For  a  symmetrical  full  model  (RUNMOD  T  <\  pel  when  only  hall  the  data  is  input  the  usci 
inputs  mass  point  locations  I .  T.  5.  7 (1 1 .  IT . 1 5. 17)  The  opposite  side  mass  point  locations 
*•  4- N  <*'•  ,4-  l('-  18)  are  input  as  zero  (blank)  KRASH  automatically  computes  the  oppo¬ 
site  side  masses.  See  Volume  I.  Figure  l  it'  foi  mass  point  designations. 

(7)  Format  for  this  card  is  815 

(8)  Use  columns  7T-80  to  number  the  input  data 


KRASH  INPUT  DATA 


f 


1 


CARDS  IfeOI 

I6NVBM:  NON-STANDARD  MAXIMUM  BEAM  ELEMENT  POSITIVE  DEFLECTIONS 

FOR  RUPTURE 


DESCRIPTION 


Defines  the  end  points  and  the  maximum  positive  deflections  and  rotations  for 
rupture  of  beam  elements  in  the  KRASH  model. 


FORMAT  AND  EXAMPLE: 


0 

12 

345 

— 

67 

I- 

1234567890 

3  4  5  6  7  8 

1 2345678901 234567890 1234567890 1 2345678901 2345678901 2 J4S67S9n 

_M 

-i 

N 

i-h 

VMAX  1 

VMAX2 

VMAX3 

VMAX4 

VMAX5 

VMAX6 

— 

1 

Kj 

10.0 

15.2 

100  0 

100.0 

0.2 

1 

1601 

FIELD  CONTENTS 


M 

l 

N 

J 

VMAX1 

vmax: 

VMAX3 
VMAX4 
VMAX  5 
VMAX6 


Massless  Node  Point  Number  At  End  “I  "  (Right  Justified  Integer) 
Mass  Point  Number  At  End  “I"  (Right  Justified  Integer) 

Massless  Node  Point  Number  At  End  “J"  (Right  Justified  Integer) 
Mass  Point  Number  At  End  “J"  (Right  Justified  Integer) 
Maximum  Deflection  In  Beam  Element  X-Direction  Inches 
Maximum  Deflection  In  Beam  Element  Y-Direction  Inches 
Maximum  Deflection  In  Beam  Element  Z-Direction  Inches 
Maximum  Rotation  About  Beam  Element  X-Axis  Radians 
Maximum  Rotation  About  Beam  Element  Y-Axis  Radians 
Maximum  Rotation  About  Beam  Element  Z-Axis  -  Radians 


REMARKS 


( 1 )  Optional  data  card(s). 

(2)  NVBM  on  card  0005  specifies  the  number  of  these  cards  for  input. 

(3)  The  standard  or  default  values  for  maximum  deflections  and  rotations  are 
100  inches  and  100  radians,  respectively. 

(4)  The  beam  element  coordinate  systems  are  shown  in  Figure  2-3. 

(5)  All  values  are  input  as  positive  numbers. 

(6)  Format  for  this  card  is  2  (12. 13),  6E10.0 


2-46 


KKASII  INPUT  DATA 


CARDS  1701 

I  7NVBMN  NON  STANDARD  MAXIMUM  HI  AM  I  I  EMENTNI  UATIVE  1)1  I  I  ECTIONS  I  OK  Kl TTUK1 

DESCRIPTION  l)r tines  The  end  points  and  the  maximum  negative  deflections  and  totations  loi 
rupture  ot  beam  elements  in  the  KRASII  model 

FORMAT  AND  FXAMPI  I 


0  1  :  J  4  S  o  7  N 

i  :.»4SfcT8»)oi:.MSfc'H«>oi;  usptkvoi  2.ux(>'suoi  2  »45b:s>>oi  : usb'.suoi  :.u5b'N‘>oi :  <4$b's*>o 


D 

■ 

D 

■ 

VMAXNI 

vmaxn: 

VMAXNI 

VMAXN4 

VMAXN5 

VMAXNb 

■ 

B 

D 

B 

15.2 

100  0 

100  0 

0.2 

too  0 

1701 

FIELD  CONTENTS 


M 

I 

N 

J 

VMAXNI 

vmaxn: 

VMAXNd 

VMAXN4 

VMAXN5 

VMAXNb 


Massless  Node  Point  Numhei  At  I  nil  “I"  (Right  Justified  Intcgei) 
Mass  Point  Nuinbei  At  End  "I  "(Right  Instilled  Intcgei) 

Massless  Node  Point  Number  At  I  ml  "J"  (Right  Justified  Integer) 
Mass  Point  Number  At  End  “J"  (Right  Justified  Integer) 
Maximum  Deflection  In  Beam  Element  X-Dircction  Inches 
Maximum  Deflection  In  Beam  Element  Y  Direction  Inches 
Maximum  Deflection  In  Beam  Element  Z-Direetion  Inches 
Maximum  Rotation  About  Beam  Element  X-Axis  Radians 
Maximum  Rotation  About  Beam  Element  V  Axis  Radians 
Maximum  Rotation  About  Beam  Element  Z-Axis  Radians 


REMARKS  (I)  Optional  data  card(s). 

(2)  “NVBMN"  on  card  0005  specifies  the  number  of  these  cards  foi  input 
(.0  The  standard  ot  default  values  for  maximum  deflections  and  rotations  are  100  inches 
and  100  radians,  respectively. 

(4)  The  beam  element  coordinate  systems  arc  shown  m  Figure  2-J. 

(5)  All  values  are  input  as  positive  numbers. 

(<■*)  Format  for  this  card  is  2  (12.  Id),  bEIO.O. 

(7)  Use  columns  7.I-S0  to  number  the  input  data. 


2 -A  7 


K RASH  INPUT  DATA 


CARDS  I80I-I8NFBM  NONSTANDARD  MAXIMUM  BEAM  1.1.1. Ml. N  T  I’OSI  1 1 V I  LOADS  I  OR  RUPTURE 

DESCRIPTION:  Defines  the  eiul  points  and  the  maximum  forces  and  moments  lot  lupture  ol  beam 

elements  in  the  KRASH  model. 

FORMAT  AND  EXAMPLE: 


0 

1  2 

34  5 

67 

1  •  3  4  5  6  7  8 

SM0I 2345678901 2345678901 234 56 78901 234 56 7 8901 234 5678901 2345678901 2. 1456 7 890 

-1 

_N 

FMAX  1 

FMAX2 

FMAX3 

FMAX4 

FMAX5 

FMAX6 

■ 

m 

E 

10  0EI0 

1000  0 

10  OF  10 

10  0EI0 

10  0E6 

■nan 

■ 

1801 

FIELD  CONTF.NTS 


M 

1 

N 

J 

FMAX I 

fmax; 

FMAX3 
FMAX4 
FMAX5 
FMAX  6 


Massless  Node  Point  Number  at  l.nd  "I"  (Right  Justified  Integer) 

Mass  Point  Number  at  End  "I”  ( Kiglu  Justified  Integei ) 

Massless  Node  Point  Number  at  End  “J"  (Right  Justified  Integei) 

Mass  point  Number  at  End  "J”  (Right  Justified  Integer) 

Maximum  Axial  Force  in  Beam  Element  X-Dircction  Pounds 
Maximum  Shear  Force  in  Beam  Element  V -Direction  -  pounds 
Maximum  Shear  Force  in  Beam  Element  /-Direction  •  Pounds 
Maximum  Torque  About  Beam  Element  X-Axis  -  Inch  »  Pounds 
Maximum  Bending  Moment  About  Beam  Element  Y-Axis  -  Inch  *  Pounds 
Maximum  Bending  Moment  About  Beam  Element  Z  Axis  -  Inch  *  Pounds 


REMARKS: 


( 1 )  Optional  data  card(s). 

( 2)  "NFBM"  on  caid  0005  specifics  the  number  of  these  cards  for  input. 

(3)  The  standard  of  default  values  for  maximum  rupture  forces  and  moments  are 
10. OF  10  pounds  and  1 0.01-'  1 0  inch-pounds,  respectively. 

(4)  Entries  requiring  scientific  notation  (X.XEXX)  should  be  right  justified. 

(5)  Blank  entries  are  read  as  zero. 

(6)  The  beam  element  coordinate  systems  arc  shown  in  Figure  2-3. 

(?)  All  values  are  input  as  positive  numbers. 

(8)  Format  for  this  card  is  2(12,13),  6EI0.0. 

(^l  Use  columns  73-80  to  number  the  input  data. 
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KRASH  INPUT  DATA 


CARDS  1901-19NFBMN:  NON-STANDARD  MAXIMUM  BEAM  ELEMENT  NEGATIVE  LOADS  FOR 

RUPTURE 

DESCRIPTION:  Defines  the  end  points  and  the  maximum  forces  and  moments  for  rupture  of  beam  elements  in 

the  KRASH  model. 

FORMAT  AND  EXAMPLE 


0  1  2  3  4  5  6  7  S 

1 234567890123456789012 345678901 2345678901 2345678901 2345678901 2345678901 234567890 

M 

,  I 

N 

J 

FMAXNl 

FMAXN2 

FMAXN3 

FMAXN4 

FMAXN5 

FMAXN6 

X 

3 

7 

10.0EI0 

1000.0 

10  0E10 

10.0E10 

I0.0E6 

10.0E10 

1901 

FIELD  CONTENTS 


M 

I 

N 

J 

FMAXNl 

FMAXN2 

FMAXN3 

FMAXN4 

FMAXN5 

FMAXN6 


Massless  Node  Point  Number  at  End  T  (Right  Justified  Integer) 

Mass  Point  Number  at  End  T  (Right  Justified  Integer) 

Massless  Node  Point  Number  at  End  ‘J’  (Right  Justified  Integer) 

Mass  Point  Number  at  End  ‘J’  (Right  Justified  Integer) 

Maximum  Axial  Force  In  Beam  Element  X-Direction  -  Pounds 
Maximum  Shear  Force  In  Beam  Element  Y -Direction  ~  Pounds 
Maximum  Shear  Force  In  Beam  Element  Z-Direction  Pounds 
Maximum  Torque  About  Beam  Element  X-Axis  -  Inch  *  Pounds 
Maximum  Bending  Moment  About  Beam  Element  Y-Axis  -  Inch  *  Pounds 
Maximum  Bending  Moment  About  Beam  Element  Z-Axis  —  Inch  *  Pounds 


REMARKS: 


( 1)  Optional  data  card(s). 

(2)  ‘NFBMN’  on  card  0005  specifies  the  number  of  these  cards  for  input. 

(3)  The  standard  or  default  values  for  maximum  rupture  torces  and  moments  are 
10.0E10  pounds  and  10.0E10  inch-pounds,  respectively. 

(4)  Entries  requiring  scientific  notation  (X.XEXX)  should  be  right  justified. 

(5)  Blank  entries  are  read  as  zero. 

(6)  The  beam  element  coordinate  systems  are  shown  in  Figure  2-3. 

(7)  All  values  are  input  as  positive  numbers. 

(8)  Format  for  this  card  is  2(12, 13),  6E  10.0. 

(9)  Use  columns  73-80  to  number  the  input  data. 
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KRASH  INPUT  DATA 


CARDS  200I-20NHI  MISCELLANEOUS  MASS  POINT  PARAMETERS 

DESCRIPTION  Defines  any  nonzero  aerodynamic  lilt  forces,  angulai  nnmicnts  of  totaling  masses,  and  mass 
cross  products  of  inertia  for  inass  points  in  the  KRASH  model. 

FORMAT  AND  EXAMPLE: 


0 

1  2  34S 

1  2  *  4  5  b  7  S 

6 7 S 4 0  1  234S6'S40I  2345678401  2J4*t»7S4()|  2 34 5 <>78401  2  34  St*  ^  840  1  2  34  >(*7840  1  2  34S67K40 

1 

LC 

HEX 

HEY 

HEZ 

XYI 

YZI 

XZI 

ft 

7 

100  0 

■■33 

H33 

1.3 

-3.3 

0.0 

I 

2001 

FIELD  CONTENTS 


I 

LC 

HEX 

HEY 

HE7. 

XYI 

YZ1 

XZI 


Mass  Point  Number  (Right  Justified  Integer) 

Lift  Coefficient  For  Aerodynamic  Force,  Positive  Up 

Angular  Momentum  of  Rotating  Masses  About  Mass  Point  X-Axis  Inch  •  Pound  *  Second 

Angulai  Momentum  of  Rotating  Masses  About  Mass  Point  Y-Axis  Inch  •  Pound  *  Second 

Angular  Momentum  of  Rotating  Masses  About  Mass  Point  7,-Axis  Inch  *  Pound  *  Second 

Mass  Cross  Product  of  Inertia  in  Mass  Point  X-Y  Plane  Inch  *  Pound  *  Second  »*2 

Mass  Cross  Pioduct  of  Inertia  in  Mass  Point  Y-Z  Plane  Inch  *  Pound  *  Second  *•  2 

Mass  Cross  Product  of  Inertia  in  Mass  Point  X-Y  Plane  Inch  *  Pound  *  Second  **2 


REMARKS:  (1)  Optional  data  card(s). 

(2)  'NHF  on  card  0005  specifies  the  number  of  these  cards  for  input. 

(3)  Blank  entries  arc  read  as  zero. 

(4)  The  airplane  weight  is  multiplied  by  the  lift  coefficient  to  generate  an  aerodynamic  lift 
force  on  the  mass  point. 

(5)  Format  for  this  card  is  I5.F5.0.  bEIO.O. 

(b)  Use  columns  73-80  to  number  the  input  data. 
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KKASII  INK  I  DAI  A 


CARD  - 1 U I  21  NPH  MASS  POINT  EULER  ANdl  I  S 

DESCRIPTION  Defines  tor  any  mass  point  ill  the  KKASII  model  th>oo  I  uler  angles  to  arbitrarily  rotate  the 
mass  point  or  body  coordinate  system  relative  to  the  an  plane  coordinate  system. 

FORMAT  AND  EXAMPLI 


HU  D  C  ONTI  NTS 

I  Mass  Point  Number  (Right  Justified  Integer) 

PH1DP  Roll  Euler  Angle  about  Airplane  X-Axis  -  Radians 

THE  DP  Pitch  Euler  Angle  about  Airplane  Y-Axis  -  Radians 

PSIDP  Yaw  Euler  Angle  about  Airplane  /-Axis  -  Radians 

REMARKS  (1)  Optional  data  eard(s). 

(2)  “NPH"  on  card  0005  specifies  the  number  of  these  cards  for  input. 

(3)  Euler  angles  are  order-dependent  rotations. 

(4)  Blank  entries  are  read  as  zero. 

(5)  These  angles  relate  the  mass-fixed  axes  to  the  airplane  axes.  Normally  these 
axes  coincide  and  therefore  the  angles  are  zero.  If  mass  inertia  were  available 
in  an  inclined  axis  system  the  user  might  want  to  utilize  this  option.  It  is 
suggested  that  for  this  situation  the  user  hand  calculate  the  inertias  in  the 
desired  axes.  A  more  likely  reason  for  inclining  mass  axes  away  from  the 
airplane  axes  is  to  enable  the  user  to  orient  an  external  spring  in  a  direction 
that  doesn’t  coincide  with  any  of  the  airplane  axes  (external  springs  must 
point  along  one  of  the  mass  fixed  axes). 

(b)  Roll  angle  positive  when  mass  axes  are  “right-w ing-dovv if"  relative  to  eg  axes. 
Pitch  angle  positive  when  mass  axes  are  "nose-up"  relative  to  eg  axes. 

Yaw  angle  positive  when  mass  axes  are  “nose-right"  relative  to  eg  axes. 

(7)  Format  for  this  card  I  5,  5X,  3E10.  0. 

(8)  Use  columns  73-80  to  number  the  input  data. 
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\ 


KKASII  INPUT  DATA 

cards  ??oi  22nacc  mass  point  timi  msiom  act  1 1 1  ration  parami  tirs 

DPSCR1PTION  Defines  the  mass  point  mimbei.  degiee -of-t'reedom.  and  nunibei  ot  data  points  to  speed) 
an  acceleration  time  history  tor  any  mass  point  in  the  KRAS!  I  model. 

FORMAT  AND  T.XAMPl.l 


0  1  2  3  4  5  0  7 

1  234  56  78901  23456  78901  234567890 1  23450  78901  2345678901 234567890 1  23456  78901  2 

8 

34567890 

1 

m 

NP 

^1 

3 

10 

2201 

FIFLD  CONTINTS 


I 

1. 

NP 


Mass  Point  Number. 

Degree-of- Freedom  where  l.  =  1.2.  3.  4.  S,  o  corresponds  to  X.  Y,  /..8X.6Y.0/  in  the 
Mass  Point  or  Bod>  Coordinate  System 

Number  of  Data  Points  in  the  Table  that  specifies  the  Acceleration  Time  History 


Rl  MARKS 


( 1 )  Optional  data  card(s). 

(2)  “NACC"  on  card  0004  specifies  the  number  of  these  cards  for  input 

(3)  All  entries  are  right  justified  integers. 

(.4)  All  entries  must  be  nonzero. 

(51  l  ach  use  of  this  card  requires  that  "NP"  number  of  the  2300-series  caids  be  used, 
(b)  The  masses  must  be  input  in  sequence  starting  with  the  lower  numbered  masses. 
(?)  Format  fin  this  card  is  315. 

( 8)  Use  columns  73-80  to  number  the  input  data. 
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KK  ASH  IM’l  'T  DA  I  A 

(  ARDS  2301  23  \\  MASS  1*01  NT  AQ'I  1  I  RATION  I  IMI  lllSTOR'r  DATA  TABLl 

DESCRIPTION  IV linos  a  (able  of  time  and  acceleration  data  points  lot  each  mass  point  specified  on  tin 

2200-series  eaids. 

TORN!  A I  AND  I  \AMP1  I 


0  1  2  3  4  5  b  7  S 

I  2  (4>h'S<»0l  2.USo'S90l  2  USo'SdOl  234St»'K‘>OI  2  U5h~S*»OI  2  USb'SdOl  2.»4Sfc'S‘»OI  234S67sdO 


ACCEL 


38b 


FIELD 

CONTENTS 

T 

Time 

■  Seconds 

Accel 

Accel 

leration  •  Inches  pet  Second  **2  or  Radians  per  Second  **2 

REMARKS 

in 

Optional  data  cards. 

(2) 

l  or  each  of  the  “NACC"  number  of  2200-series  cards.  “NP"  mtmhci  of  these  eaids 
are  required. 

(3) 

Within  each  set  of  data,  the  "NP"  cards  must  be  arranged  in  ascending  order  of  time. 

(4) 

Each  set  of  data  must  be  ordered  to  correspond  w  ith  the  2200  series  cards. 

(5) 

Blank  entries  are  read  as  zero. 

(6) 

A  maximum  of  300  acceleration  times  are  allowed.  1  oi  example,  if  accelerations  are 
applied  to  50  masses,  the  time  history  of  each  location  can  not  exceed  a  cuive  consisting 
of  (»  points. 

(7) 

The  values  of  acceleration  are  the  time  derivative  of  the  mass  axis  velocities  u  .  v .  w 
(See  Equation  l-l  17  Volume  I) 

IS) 

Format  for  this  card  is  21  10.0 

KKASII  INPUT  DATA 


CARDS  2400- 24  XX  DIRPl'T  INPUT  01  BP  AM  P  l.l  Ml  NT  bXb  STIPPNPSS  MATRIX 

Dl  SCRIPTION  Defines  the  end  points  and  6xb  stiffness  matrix  terms  for  any  beam  element  in  the 
KKASII  model. 

PORMAT  AND  PXAMPLP 


0  1  2  3  4  5  6  7  8 

I  2  34  86*89012  3456*8901  234  5678901  2 34S67  8901 234 567890 1  2 345678901 234567890 1  234567890 


BBBBIS3 


01  2  3  45678 

I  234 56  7890 1  234  56  78901 234  567890 1  234567890 1  234 567890 1  234 567890 1  234567  890 1234  567890 


Kll 


3500 


K  1  2 

K  1  3 

K  14 

0  0 

0  0 

0  0 

K  I  5  K  1 6 


0 


01  2  3  45678 

I  2  34  56  78901 2  14  56  7  8901 2  34  56  78901 234567890  I  234  567890  I  234567890 1  234 567890 1  234  567890 


K  2  I 


0  0  I  I.7E07 


01  2  3  45678 

1  2  34  567  8901  234  567  8901  234  567  8901 234  5678901 2  345678901 234567890 1  234  567890  I  234567890 


K33 


0  0  I  1.7E07 


K35 

K36 

0.3E05 

0  0 

0  1  2  3  4  5  6  7  8 

I  2  34  56  7  8901 2  34  56*8901  2  34  5678901 23456*8901  2  34  5  67  8901 2  34  56*8901  2  14  56*8901 2  34  56  7890 


0  1  2  3  4  5  6  7  8 

123456*8901 2345678901 2345678901 2345678901 2345678901 23456789012345678901234567890 


K53 


0  0  0  3E06 


K  54 


0  0  3.SE09 


0  1  2  3  4  5  6  7  8 

123456*8901 23456789012345678901 2345678901 2345678901 2345678901 2345678901 234567890 


KRAS  1 1  INPUT  DAI  A 


(  ARDS  .’-UK)  .MW 


DIRin  INPUTOI  Bl  AM  I  I  I  Ml  NT  (.X6STII  I  NI  SS  MATRIX  (Continued) 


IIIID  CON  TI  N  I  S 


M 

I 

N 

I 

K  1.1 


Massless  Node  Point  Nnmbei  al  end  "I"  (Ri|iht  Justified  Inlegei) 

Mass  I’omi  Nnmbei  al  end  "I"  (Rinlit  Justified  liilepeD 
Massless  Node  Point  Nnmbei  al  end  *M "  ( Ki^h I  Jnslilied  Inle^ei) 

Mass  Poml  Nnmbei  al  end  "J"  (Rinlil  Justified  Inlettei) 

Stiffness  Mains  Tenus  Pounds  pei  Inch  01  huh  *  Pounds  pet  Radian 


RI  M  ARKS 


(I)  Optional  data  caids. 

C)  “NKM"  on  caul  0005  specifies  the  niunl'ei  ol  these  said  sets  loi  input 
(  O  Blank  entries  are  read  as  zero 

(4)  The  beam  element  must  be  mclmled  on  the  0500  senes  cauls 

(5)  The  stiffness  data  on  these  s  aids  will  oveuidc  am  \ allies  calculated  with  the  beam 
clement  section  properties  on  the  0500  setles  cauls 

(0)  The  m pul  (is (r  silliness  mains  (shown  below )  coi lespomls  to  the  lowet  until  hand 
i|uadrant  ol  a  lull  1 'si.'  beam  clement  stillness  mains 

( J)  Ini  ires  rctpiiring  scientific  notation  (X  XT.XX)  should  be  unlit  instilled 
(S)  Toinial  loi  card  '400  type  is  .'(I.',  1.0. 

(*))  l  ounat  loi  card  2401040b  lypesisbl  10.0  silliness  mains 
(10)  Use  columns  75  SO  lo  nnmbei  (lie  input  data 


*i 


i 


i  J 


- 

i 


.’-■lb 


KR  \SI  I  INPUT  DAI  \ 


CARDS  2MU  25NP1  )  MASS  POINT  POSITION  (SIRIVH'KI  1)1  I  OKM  \  I  ION)  PR  IN  1 1  K  PI  Ol 
P  AR  AM  I  IT  RS 


PI  St  RIPITON  Defines  the  plana  i  view .  scale  I  actors,  and  mass  pom  i  numhcis  lot  each  mass  point  position 
(structure  deformation)  pt inter  plot 

PORMA1  AND  I  NAM  PI  I 


0  1  2  4  4  5  6  '  8 

I  244567840  I  244S6'S40I  2445678401  2  445678901  2  Msh'S'MIl  2  5456‘,N4()I  244S6'K40I  2  14S6'840 
- r —  i - rsr - -a - 1 - perr  - - - r-»i 7T  -  1  \ 


X SC ALE 

Y  SC ALE 

x: 

x 

-  - 

1  10  4 

10  0 

10  0 

_ 

2901 

0  t  2  4  4  5  6  7 

1 244567890124456789012445678901244567890124456789012  145678401 2445678901 2 

8 

44567890 

M  1 

M2 

M  4 

M4 

MS 

M6 

M  7 

MS 

M9 

MI0 

M  1  1 

M  1  2 

M  14 

M  14 

S 

• 

2 

■G 

■a 

m 

1 1 

14 

14 

21 

m 

□ 

BZE 

HI  ID  CONTI- NTS 


n  m 


NMPTS 
ISC  A I  I 


flag  to  select  Plattai  View  where  N  PPI  1,2,4  cottesponds  to  top.  side,  and  tiontal 
views,  rcspectiveh  (Right  Justified  Integer) 

Nuniber  ol  Mass  Points  ( Right  Justified  Integei  Maximum  allowed  is  sp) 
flag  to  Select  Scaling  Option  as  follows  (Right  .Instilled  Integei) 


ISCAl  1 

n  PI  Ol  SCAI  INt, 

0 

Automatic  scaling  whete  horizontal  and  veilical  plot  axes  s.  ales  ate  selected 

independently  based  on  the  cot  responding  largest  mass  point  displacement 

components. 

1 

Automatic  scaling  whete  horizontal  and  vertical  plot  axes  scales  ate  set 

equal  based  on  largest  mass  point  displacement  component 

4 

User  defined  sealing 

XSCAl  I  llori/.ontal  Scale  Factor  required  if  “ISCAl  I  4 

VSCAl  I  Vertical  Scale  l-'actor  required  if  “ISCAl  I  "  4 

Ml  Mass  Point  Numbet  (Right  Justified  Integer) 


REMARKS 


1 1 )  Optional  data  cards. 

(2)  “NPLT"  on  card  001 1  specifies  the  niunbei  ol  these  caul  sets  lot  input 
(4)  “N  I  PT  "NMPTS,"  and  "Ml"  must  be  non/eto 

(4)  Blank  entries  are  read  as  zero. 

(5)  Scale  factoi  units  are  inches  ot  mass  point  displacement  pei  inch  ol  papet 
((>)  I'ntries  requiring  scientific  notation  (\.\l  \\t  should  be  light  instilled 

( 7)  Recommend  ISCAl  I  4  it  usei  plans  to  compute  ot  ovetlav  plots  at  diftevent  time 
periods. 

(S)  format  for  caul  2501  type  is  4IS.SX.2T  10  0 
('))  format  for  card  2502  type  is  141s. 

( 10)  Use  columns  74-80  to  numbet  the  input  data 


kK ASH  INI’O'I  UAl  A 


C  ARDS  >01  2INMI  I’  MASS  I’OINT  PRINTFR  I’l  Ol  I’AKAMI  I  I  )<S 

INSCRIPTION  Defines  the  mass  point  mimbet  and  Hags  to  speeds  which  mass  point  output  ipianlits  time 
histories  w  ill  be  printer  plotted 


FORMAT  AND  I  \  AM  I’l  I 


Hill)  CONTI  NTS 

I  Mass  Point  Number 

MPI  l-'lag  tor  Linear  Displacements  ( X,  5  ,  /  Inches)  in  the  Ground  Coordinate  System 

MP2  Flag  for  Cuter  Angles  (PHI.  Till  I  A,  PS  I  Radians)  m  the  Airplane  Coordinate  System 

MPT  Flag  for  l  inear  Velocities  (X.  V.  -  Inches  per  Second )  in  the  Ground  Coordinate  System 

MP4  Flag  for  Linear  Velocities  (U.  V.  VV  Inches  per  Second)  ni  the  Mass  Point  or  Body 

Coordinate  S\  stem 

MP5  Flag  for  Angular  Velocities  (P.  0,  R  Radians  pet  Second)  in  the  Mass  Point  or  Hods 

Coordinate  System 

MPh  Flag  lor  Unfiltercd  Lineal  Accelerations  (X.  V.  /  G's)  in  the  Mass  Point  or  Body 

Coordinate  System 

MP7  Flag  for  Filtered  Linear  Accelerations  (X.  Y.  /  G's)  in  the  Mass  Point  01  Body  Coordinate 

System 

MP8  Flag  lot  Angular  Accelerations  (P.  0,  R  Radians  pet  Second**.')  in  the  Mass  Point  ot  Bods 

Coordinate  System 

MP1)  Flag  for  Impulse  (X.  Y,  Z  in  G-sec..  P,  0,  R  tn  (RAD  Per  Sec)  m  Mass  Point  ot  Body 

Coordinate  Axes  for  Filtered  Data 

RFMARKS:  (I)  Optional  data  catd(s). 

(2)  "NMFP"  on  card  001 1  specifies  the  ntmthci  of  these  cards  lot  input. 

(T)  All  entries  arc  right  justified  integers. 

(4)  "I"  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(b)  Flags  for  printer  plot  time  histories  are  defined  as  follows 
0  =  No 
I  =  Yes 

(7)  Format  for  this  card  is  lOlv 

(8)  Use  columns  7.) -80  to  number  the  input  data. 
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KRASH  INPUT  DATA 


CARDS  27Q1-27NNEP:  MASSLESS  NODE  POINT  PRINTER  PLOT  PARAMETERS 

DESCRIPTION:  Defines  the  massless  node  point  number,  mass  point  number,  and  flags  to  specify  which 

massless  node  point  output  quantity  time  histories  will  be  printer  plotted. 

EORMAT  AND  EXAMPLE: 


0 

1  234  5 

1 

67890 

1  2345 

■> 

67890 

1  2  345 

3 

67890 

1  2345 

4  5  6  7  s 

6789012345678901 23456789012345678901234567890 

M 

1 

NPl 

NP2 

NP3 

NP4 

NP5 

NP6 

1 

7 

0 

1 

0 

1 

0 

0 

2701 

FIELD  CONTENTS 


M 

I 

NPl 

NP2 

NP3 

NP4 

NP5 

NP6 


Massless  Node  Point  Number 
Mass  Point  Number 

Flag  for  Linear  Displacements  (X,  Y,  Z  -  Inches)  in  the  Ground  Coordinate  System 
Flag  for  Linear  Velocities  (X,  Y,  Z  -  Inches  per  Second)  in  the  Ground  Coordinate  System 
Flag  for  Linear  Velocities  (U,  V,  W  -  Inches  per  Second)  in  the  Mass  Point  or  Body 
Coordinate  System 

Flag  for  Unfiltered  Linear  Accelerations  (X.  Y,  Z  -  G's)  in  the  Mass  Point  or  Body 
Coordinate  System 

Flag  for  Filtered  Linear  Accelerations  (X,  Y,  Z  -  G’s)  in  the  Mass  Point  or  Body  Coordinate 
System 

Flag  for  Impulse  (X,  Y,  Z  in  G-sec.  P,  Q,  R  in  RAD/Sec)  in  Mass  Point  or  Body  Coordinate 
System 


REMARKS: 


( 1 )  Optional  data  card(s). 

(2)  “NNEP”  on  card  001 1  specifies  the  number  of  these  cards  for  input. 

(3)  All  entries  are  right  justified  integers. 

(4)  “M”  and  “I"  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(6)  Flags  for  printer  plot  time  histories  are  defined  as  follows: 

0  =  No 

1  =  Yes 

(7)  Format  for  this  card  is  81 5. 

(8)  Use  columns  73-80  to  number  the  input  data. 
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KRASII  INPUT  DATA 


r 


('AKI)S  2SOI  -28NBI  P  HI  AM  I  1 1  Ml M  LOADS  PRINT!  R  PLOI  PARAMI  M  RS 

1)1  SCRIPTION  Defines  the  beam  element  numbct  and  Hags  to  specify  winch  beam  element  internal  load 
time  histories  will  be  printer  plotted. 

FORMAT  AND  FXAMPLI 


0  1  2  3  4  5  6  7S 

I  2  34  56  7  8901 2 34  56' S90 I  2 34567890  I  234 56  7890  I  23456 '890 1  2 34 567890  I  2 34 56' 890 1  2 34 56 '890 


10 

BFPI 

BFP2 

—  ~  •— 

BFP3 

2 

a 

■B 

m 

m 

PIP  LI)  CONTI  NTS 

IJ  Beam  Flement  Number 

BFPI  Flag  for  Axial  and  Shear  Forces  (I  X.  FY.  FZ  -  Pounds) 

BFP2  Flag  for  Torque  and  Bending  Moments  at  tnd  “I”  (MX,  MY.  MZ  -  Inch  *  Pounds) 

BFP3  Flag  for  Torque  and  Bending  Moments  at  Lind  "J"  (MX,  MY.  MZ  -  Inch  *  Pounds) 

RI  M  ARKS  ( I  >  Optional  data  card(s). 

(2)  "NBFP”  on  card  001 1  specifies  the  number  of  these  cards  for  input. 

(3)  All  entries  are  right  justified  integers. 

(4)  '‘IJ"  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(6)  Flags  for  printer  plot  time  histories  aie  defined  as  follows: 

0  =  No 

1  =  Yes 

(7)  All  internal  load  data  is  output  in  the  beam  element  coordinate  systems  shown  in 
Figure  2-3. 

(8)  Format  for  this  card  is  415. 

(9)  Use  columns  73-80  to  number  the  input  data. 


Mm*' 


KRASII  INIVT  DATA 


CARDS  NOI-:<)NBOr.  Bl  AM  1  l.l  Ml  NT  DEFLECTION-ROTATION  PRINTER  PLOT  PARAMETERS 

DESCRIPTION  Defines  the  beam  element  numbei  and  Hags  to  specify  which  beam  element  deflection  and 
rotation  time  histories  will  be  printer  plotted. 

FORMAT  AND  EXAMPLE 


FILL!)  CONTENTS 

Beam  Flement  Number 

Flag  for  Deflection  Differences  of  Knd  "J"  and  End  “I”  (X.  Y,  Z  -  Inches) 

Flag  for  Rotation  Differences  of  Fnd  "J”  and  End  “1"  (Phi.  Theta,  Psi  •  Radians) 

Flag  for  Rotation  Sums  of  End  “J"  and  End  “1"  (Phi.  Theta.  Psi  -  Radians) 

REMARKS:  (1)  Optional  data  card(s). 

(O  NBDP  on  card  001 1  specifies  the  number  ot  these  cards  for  input. 

(3)  All  entries  are  right  justified  integers. 

(4)  “Id"  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(6)  Flags  for  printer  plot  time  histories  are  defined  as  follows: 

0=  No 

I  =  Yes 

(7)  All  deflection-rotation  data  is  output  in  the  beam  element  coordinate  systems  shown 
in  Figure  2-3. 

(8)  Format  for  this  card  is  415. 

(4)  Use  columns  73-80  to  number  the  input  data. 


1J 

BDP1 

bdp: 

BDP3 
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KKASII  INPUT  DM  A 


CARDS  3  UP  I  ,'ONS  IP.  BI-AM  E  LEMENT  STRESS  RATIO  PRINTER  PLOT  PARAMETERS 

DESCRIPTION  Defines  the  beam  element  number  and  (lags  to  specify  which  beam  element  stress  ratio  time 
histories  will  be  printer  plotted. 

FORMAT  AND  EXAMPLE  : 


I  2345678901  2  J4567NV0I  2  345678901  2  345b7890|  2345b'’S4()|  2  34567890  I  2  U  56  ’  890  I  2  34  5b  '  890 


STP2 I STP3ISTP4 I STP5 


FIELD 


CONTENTS 


IJ  Beam  Element  Number 

STP1  Flag  tor  Stress  Ratio  for  Top  and  Bottom  Fibers  Using  Maximum  Shear  Stress  Theory 

STP2  Flag  tor  Stress  Ratio  of  Left  and  Right  Fibers  Using  Maximum  Shear  Stress  Theory 

STP3  Flag  for  Stress  Ratio  of  Top  and  Bottom  Fibers  using  Constant  Energy  of  Distortion  Theory 

STP4  Flag  for  Stress  Ratio  of  Left  and  Right  Fibers  Using  Constant  Energy  of  Distortion  Theory 

STP5  Flag  for  Stress  Ratio  of  Tension-Only,  Compression-Only,  and  Axial  Buckling  Loads 

REMARKS:  (I)  Optional  data  eard(s). 

(2)  "NSTP"  on  card  001 1  specifies  the  number  of  these  cards  for  input. 

(3)  All  entries  are  right  justified  integers. 

(4)  “IJ''  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(6)  Flags  for  printer  plot  time  histories  are  defined  as  follows: 

0=  No 

I  =  Yes 

(7)  Stress  parameters  must  be  provided  for  the  beam  elements  on  the  0500-series  caids. 

(8)  “NSC”  on  card  0005  must  be  flagged  “yes." 

(9)  Format  for  this  card  is  615. 

(10)  Use  columns  73-80  to  number  the  input  data. 
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KRASII  INPUT  DATA 


CARDS  3101-31 NSI-P  EXTERNAL  CRUSHING  SPRINCi  LOAD-DEFLECTION  PRINTER  PLOT 
PARAMETERS 

DESCRIPTION :  Defines  the  end  point  and  Hags  to  specify  which  external  crushing  spring  load  and  deflection 

time  histories  will  be  printer  plotted. 

FORM  AT  AND  EXAMPLE 


0  12  3  4  5  6  7 

1 2345678901 2345678401 2345678901 2345678401 2345678901 234.5678901 2345678901 2 

8 

34567840 

I 

M 

SEPI 

SEP2 

>< 

3 

1 

■D 

■c 

_ 

3101 

FIELD  CONTENTS 


I 

M 

SI.P1 

sf.p: 


Mass  Point  Number 
Massless  Node  Point  Number 
Flag  for  Axial  Deflection  (Inches) 
Flag  for  Axial  Loads  (Pounds) 


REMARKS 


(1)  Optional  data  card(s). 

(2)  “NSHP"  on  card  001 1  specifies  the  number  of  these  cards  for  input. 

(3)  All  entries  are  right  justified  integers. 

(4)  "1"  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(6)  Flags  for  printer  plot  time  histories  are  defined  as  follows: 

0  =  No 

I  =  Yes 

(7)  All  external  crushing  springs  attached  to  the  same  mass  point/massless  node  point  will 
be  printer  plotted  if  that  end  point  is  specified. 

(8)  Format  for  this  card  is  415. 

(9)  Use  columns  73-80  to  number  the  input  data. 


2-62 


KRAS11  INPUT  DATA 


CARDS  320I-32NENP  BEAM  ELEMENT  STRAIN  AND  DAMPING  ENERGY  PRINTER  PLOT 
PARAMETERS 

DESCRIPTION:  Defines  the  beam  element  number  and  llags  to  specify  which  beam  internal  element  load  time 

history  will  be  printer  plotted 

FORMAT  AND  EXAMPLE: 


FIELD  CONTENTS 


IJ  Beam  Element  Number 

ENG  I  Flag  for  Strain  Energy  (in. -lb.) 

ENG2  Flag  for  Damping  Energy  (in. -lb.) 


REMARKS: 


( 1 )  Optional  data  cards. 

(2)  "NENP”  on  card  001 1  specifies  the  number  of  these  cards  for  input. 

(3)  All  entries  must  be  right  justified. 

(4)  “IJ"  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(6)  Flags  for  printer  plot  time  histories  are  defined  as  follows. 

0  =  No 

I  =  Yes 

(7)  Format  for  this  card  is  315. 

(8)  Use  column  73-80  to  number  the  input  data. 


KRASH  INPUT  DATA 


CARDS  330I-33NDRP:  DYNAMIC  RESPONSE  INDEX  (DRI)  PRINTER  PLOT  PARAMETERS 

DESCRIPTION:  Defines  the  mass  point  number  of  a  DRI  beam  element  for  dynamic  response  index  (DRI) 

time  history  printer  plots. 

FORMAT  AND  EXAMPLE. 


1  0 

1 

2 

3 

4 

5 

6 

7 

8 

1  12345678901234567890123456789012345678901234567890123456789012345678901234567890 

J 

X 

><c 

27 

3301 

FIELD  CONTENTS 

J  Mass  Point  Number 


REMARKS: 


( 1 )  Optional  data  card(s). 

(2)  “NDRP"  on  card  001  1  specifies  the  number  of  these  cards  for  input. 

(3)  All  entries  are  right  justified  integers. 

(4)  “J”  must  be  nonzero. 

(5)  Blank  entries  are  read  as  zero. 

(6)  Flags  for  printer  plot  time  histories  are  defined  as  follows: 

0  =  No 

1  =  Yes 

(7)  The  mass  point  number  must  be  end  “J"  of  a  DRI  beam  clement. 

(8)  Format  for  this  card  is  15. 

(9)  Use  columns  73-80  to  number  the  input  data. 


CARD  3400:  END  OF  DATA 

DESCRIPTION.  Defines  the  final  card  of  the  input  data. 

FORMAT  AND  EXAMPLE: 


01  2345678 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 

END 

END 

3400 

flELD  CONTENTS 

End  The  Mnemonic  “End"  (Left  Justified) 


REMARKS:  (1)  Required  data  card. 

(2)  Use  columns  73-80  to  number  the  input  data. 


2.2  OUTPUT  AND  SAMPLE  CASE 


The  print  output  consists  of  six  major  sections.  These  are: 

•  Direct  listing  of  input  data  cards,  termed  "echo"  of  the  input  data 

•  Formatted  print  out  of  the  input  data  with  descriptive  titles 

•  Model  parameter  data,  internally  calculated  from  input  data 

•  Time  history  of  model  response  parameters 

•  Summary  of  time  variations  of  energy  terms,  and  time  of  occurrence 
of  mass  penetrations,  beam  yielding  and  ruptures,  external  spring 
loading  and  formation  of  plastic  hinges. 

•  Time  history  plots  of  selected  response  quantities 

Each  of  the  above  sections  of  print  output  is  discussed  in  the  following 
subsections,  and  illustrated  with  the  output  from  a  representative  sample 
math  case.  The  16  mass  32  beam  math  model  is  shown  in  Figure  2-5.  Included 
in  the  model  are  provisions  for  the  following: 


NSP  =  10 

external  springs 

NLB  =  2 

nonlinear  beams 

NNP  =  6 

massless  mode  points 

NPIN  =  5 

pin-ended  beams 

NUB  =  4 

unsymmetrical  beams 

NDRI  =  1 

DRl's 

ND  «=  1 

beam  damping  inputs 

RUNMOD  =  2 

The  sample  case  data  is  presented  to  illustrate  input-output  format  and  is 
not  necessarily  representative  of  an  actual  vehicle  or  crash  condition. 
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2.2.1  Echo  of  Input  Data 


This  is  a  direct  listing  of  the  input  data  cards  for  the  case  being 
analyzed.  Figure  2-6  illustrates  this  print  for  the  sample  case.  The  card 
listing  is  preceded  by  a  heading  which  identifies  the  column  number  for  the 
following  cards.  The  sequence  number  is  in  columns  77-80.  The  numbers  in 
these  columns  normally  correspond  to  the  card  sequence  numbering  scheme 
shown  in  Figure  2-1,  the  input  data  format.  In  this  particular  case,  an 
overall  sequential  numbering  scheme  is  used  for  compatibility  with  a  remote 
terminal  editing  system.  This  print-out  is  useful  for  scanning  and  editing 
the  input  data  set,  in  addition  to  providing  an  exact  literal  copy  of  all  the 
input  data  for  each  case.  This  output  is  provided  twice;  one  can  be  used  to 
mark  up  a  data  set  to  form  a  new  case,  and  the  other  can  remain  as  a  clean 
record  of  the  input  for  that  case. 

2.2.2  Formatted  Print-Out  of  Input  Data 

This  section  of  the  print  output  organizes  all  the  input  data  into 
logical  groups  and  prints  out  the  data  with  self-explanatory  identification 
headings.  This  output  is  illustrated  in  Figure  2-7  for  the  sample  case.  The 
data  is  organized  in  the  following  major  groups: 

•  Case  title  cards 

•  Program  size  data 

•  Program  data  management  control  data  (restart  option) 

•  Program  control  data 

•  Vehicle  initial  conditions 

•  Generalized  surface  data 

•  Corresponding  mass  and  beam  numbering  (RUNMOD  =  2) 

•  Mass  data 

•  Node  point  data  (optional) 

•  External  spring  data 
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Figure  2-6.  Echo  of  the  Input  Data  (Sheet  1  of  3) 
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Figure  2-6. 
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Figure  2-7.  Sample  Case  Output,  Input  Data  (Sheet  2  of  8) 
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Figure  2-7. 
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Figure  2-7.  Sample  Case  Output,  Input  Data  (Sheet  8  of  8) 
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00  SO  OOJISS 


•  Material  properties 

•  Internal  beam  data 


Unsymmetrical  beam  data  (optional) 

Plastic  hinge  and  end-fixity  data  (optional) 

Shock  strut  data  (optional) 

Nonlinear  beam  data  (optional) 

Volume  penetration  data  (optional) 

DRI  elements  (optional) 

Volume  change  data  (optional) 

Non-standard  maximum  deflections  (optional) 

Non-standard  maximum  forces  (optional) 

Non-zero  angular  momenta,  cross-products  of  inertia,  lift  constants 
(optional) 

Non-zero  mass  orientation  Euler  angles  (optional) 

Acceleration  input  table  data  (optional) 

^K^J  matrices  for  all  NB  internal  beams 
Output  plot  identification  (optional) 


The  nonlinear  beam  data  section  prints  out  all  the  KR  tables,  whether 
these  are  user-input  or  standard  tables  coded  into  KRASH.  Similarly,  the 
6x6  linear  stiffness  matrix  is  printed  for  all  NB  internal  beam 

elements,  whether  is  directly  input  by  the  user  or  internally  calcu¬ 

lated  in  KRASH.  The  printed  matrix  corresponds  to  the  lower  right  hand  quand- 
rant  of  a  full  12  x  12  beam  stiffness  matrix. 


2.2.3  Model  Parameters 

Figure  2-8  illustrates  this  print  for  the  sample  case.  The  following 
sections  of  data  are  included: 

•  Vehicle  weight 


•  Vehicle  eg  position 
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Figure  2-8.  Sample  Case  Output,  Model  Parameter  Data  (Sheet  3  of  5) 
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Figure  2-8.  Sample  Case  Output,  Model  Parameter  Data  (Sheet  4  of  5) 
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•  Vehicle  inertias 


•  Vehicle  eg  initial  ground  coordinates 

•  Beam  loads  corresponding  to  yielding 

•  Beam  deflections  corresponding  to  yielding 

•  Beam  uncoupled,  undamped  frequencies 

•  Damping  terms 

•  Euler  angles,  beam  ij  to  airplane 

These  quantities  are  all  calculated  in  the  Initial  Conditions  subroutine. 
The  vehicle  weight,  eg  position  and  inertias  are  used  to  see  how  well  the 
analytical  model  matches  the  actual  vehicle  being  analyzed.  The  beam  loads 
and  deflections  corresponding  to  yielding  are  utilized  as  guidelines  for 
establishing  nonlinear  deflection  points  for  internal  beam  KR  curves.  The 
loads  are  calculated  using  the  stress  and  buckling  equations  discussed  in 
Volume  I  Section  1.3.17,  along  with  the  appropriate  yield  stress  for  the 
beam  material  given  in  Table  2-2  of  this  report. 

The  loads  corresponding  to  yield  stress  are  uncoupled  loads;  e.g.,  the 
shear  forces  are  those  corresponding  to  yielding  without  any  bending  moment 
applied.  Similarly,  beam  deflections  are  those  resulting  from  the  correspond¬ 
ing  load  only  without  the  coupled  load  being  applied.  In  actual  loading 
situations,  some  degree  of  coupling  is  always  present,  so  the  deflections 
corresponding  to  yield  provide  only  a  rough  indication  of  appropriate  values 
to  use  for  setting  up  KR  curves.  Furthermore,  no  attempt  has  been  made  to 
include  in  the  analysis  the  effects  of  stress  concentrations,  geometric 
shape  factors  and  end  attachment  details. 

The  beam  frequencies  output  are  the  undamped,  uncoupled  individual  beam 
frequencies  associated  with  the  six  degrees  of  freedom  of  each  beam.  The 
frequencies  listed  under  the  headings  (1),  (2),  and  (3)  correspond  with  the 
three  translational  degrees  of  freedom  (x,  y,  z)  and  those  listed  under  the 
heading  (4),  (5),  and  (6)  correspond  to  the  three  rotational  degrees  of 
freedom  (<j>,  Gt'IO*  The  frequencies  are  computed  using  Equations  l-55(a)  and 
l-55(b)  from  Volume  I,  Section  1.3. 5. 3. 6. 
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The  frequency  values  summarized  should  be  reviewed  for  indications  of 
potential  stability  problems  which  may  occur  with  the  numerical  integration 
routine  used  in  the  program.  For  example,  high  frequencies  combined  with  a 
relatively  coarse  integration  interval  may  result  in  numerical  integration 
instabilities.  In  general,  beam  member  frequencies  should  satify  the 
following  criteria: 

1)  Member  frequencies  < 500  Hz 

2)  The  product  of  the  maximum  beam  member  frequency  and  the  integration 
interval  <  0.01 

While  these  criteria  are  suggested  as  guidelines,  their  exceedance  does  not 
necessarily  mean  that  instability  problems  will  automatically  occur. 

Beam  structural  damping  coefficients  are  computed  within  the  program 
for  each  of  the  six  beam  degrees  of  freedom.  The  damping  coefficients  are 
computed  from  Equations  (1-54),  Section  1.3.5. 3. 6,  Volume  I. 

These  damping  coefficients  are  printed  only  to  provide  a  record  of  the 
actual  data  used  in  the  calculations.  The  interpretation  of  the  proper 
damping  values  should  be  based  upon  inspection  of  the  damping  ratios  (actual 
damping/critical  damping)  summarized  in  the  section  entitled  "INTERNAL  BEAM 
DATA".  For  typical  aircraft  constructions,  damping  raios  in  the  range  of 
.01  to  .10  are  appropriate.  Higher  values  should  be  used  only  to  represent 
mechanical  damping  devices,  such  as  hydraulic  or  friction  dampers  in  landing 
gears  or  viscoelastic  engine  mounts.  Values  greater  than  .05  are  probably 
only  Justified  as  representative  of  the  friction  damping  associated  with 
relative  motions  of  riveted  and  bolted  structure  under  conditions  of  severe 
loading  and  deformation. 

The  Euler  angles  define  the  initial  orientation  of  the  beam  axes  relative 
to  the  airplane,  according  to  the  convention  shown  in  Figure  2-2.  These 
angles  should  be  interpreted  in  the  following  manner.  Assume  the  beam  axes 
are  oriented  such  that  x  is  forward,  y  to  the  right  and  z  down.  Then  rotate 
PSIIJ0  radians  about  the  z  axis,  positive  nose  right,  forming  a  new  set  of 
x'  and  y'  axes.  Then  rotate  THEIJO  radians  about  the  new  y'  axis,  positive 


nose  up.  This  final  position  defines  the  orientation  of  the  beam  axes  with 
respect  to  the  airplane. 

It  should  be  noted  that  during  the  time  history  analysis,  these  angles 
vary  with  time  and  are  part  of  the  print  output.  Any  question  regarding  the 
current  beam  orientations  should  be  resolved  by  examining  the  current  values 
of  the  beam  orientation  Euler  angles.  These  are  interpreted  the  same  as  the 
preceding  discussion,  except  that  the  initial  starting  orientation  is  the 
ground  axes  rather  than  the  airplane  axes.  Since  the  initial  attitude  of 
the  vehicle  may  not  be  parallel  to  the  ground  axes  (generally  it  is  not),  the 
time  zero  value  of  the  beam  orientation  Euler  angles  may  differ  from  the 
angles  listed  in  the  MODEL  PARAMETERS  section  of  the  output.  The  latter  is 
provided  as  a  definition  of  beam  axes  orientations  that  is  independent  of 
vehicle  initial  conditions  (and  hence  represents  a  true  model  parameter), 
whereas  the  time  varying  values  represent  the  actual  beam  orientation  during 
the  analysis. 

2.2.4  Time  History  Output 

This  section  of  the  output  prints  the  time  varying  response  quantities 
at  each  print  time  interval,  including  time  zero.  This  output  consists  of 
the  following  groups  of  data: 

a  Title  cards 

a  Analysis  time 

•  Mass  and  node  point  displacements,  velocities  and  accelerations  in 
six  directions  for  all  NM  lumped  masses  and  NNP  node  points,  in  mass 
axes  and  ground  axes 

a  Mass  impulses  (G-sec)  based  on  filtered  accelerations 

•  Internal  beam  strain  forces,  total  forces  (strain  +  damping)  and 
displacements  in  six  directions  for  all  NB  internal  beams 

•  External  spring  compressions,  ground  deflections,  axial  loads,  and 
ground  contact  loads  (3  directions)  in  ground  axes  and  mass  axes 
for  all  NSP  external  springs 

a  DRI  number  for  all  DRI  beam  elements 

•  Overall  vehicle  eg  translational  velocity  (3  directions) 


•  Volume  change  data,  Including  current  volume,  current  volume/initial 
volume,  and  the  changes  in  length  of  the  three  lengths  of  the  volume 
(optional) 

a  Energy  distribution  by  type 

a  Energy  distribution  by  mass  (kinetic  and  potential),  beam  (strain, 
damping)  and  spring  (crushing,  friction) 

a  Maaa  deviation 

a  Stress  output  for  internal  beam  elements,  including  ratios  of  current 
stress/failure  stress  for  two  failure  theories 

a  Mass  location  plot  (time-0  and  at  specified  intervals) 

The  mass  location  plots  for  time  -  0  are  illustrated  in  Figure  2-9. 

Figure  2-10  illustrates  a  portion  of  this  output  for  the  sample  case, 
for  one  typical  cut  in  time.  It  should  be  noted  that  all  this  output  is  in 
inch,  pound,  second  and  radian  units  except  XACCEL,  YACCEL  and  ZACCEL.  These 
are  in  g's.  A  more  detailed  description  of  the  specific  items  printed  out 
at  each  time  follows. 

2. 2. 4.1  Mass  Data 

X,  Y  and  Z  are  the  ground  coordinates  of  mass  i  or  node  point  iM.  The 
data  for  each  node  point  is  printed  below  the  data  for  the  mass  to  which  it 
is  attached.  XDOT,  YDOT  and  ZDOT  are  the  ground  axes  components  of  the 
translational  velocity  of  mass  i  or  node  point  iM.  U,  V  and  W  are  the 
corresponding  components  i  mass  fixed  axes.  UDOT,  VDOT  and  WDOT  (not 
printed  for  the  node  points)  are  the  time  derivatives  of  U,  V  and  W.  Note 
that  these  are  not  the  translational  acceleration  components,  but  are  used 
in  Euler's  equations  of  motion.  XACCEL,  YACCEL  and  ZACCEL  are  the  body- 
fixed-axes  components  of  the  translational  accelerations  of  mass  i  or  node 
ptfint  iM,  in  g  units.  XACFIL,  YACFIL  and  ZACFIL  are  the  same  accelerations 
after  passing  through  a  first  order  filter  with  an  input  cutoff  frequency. 

All  the  above  quantities  are  positive  forward,  right  and  down. 
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Figure  2-9.  Sample  Case  Output ,  Mass  Location  Plots  at  Time  ■  0 
(Sheet  1  of  2) 
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MASS  POSITION  PIOT  PLANE  ••  XI »Af T >  -  Z(  «UP» 

NOTE  •••  A  MOOIFIEO  RIGHT  HAND  GROUND  COOPOIMATE  STSTEM  HAS  BEEN  USEO  TOR  THIS  PLOT 


Figure  2-9.  Sample  Case  Output,  Mass  Location  Plots  at  Time  «  0 
(Sheot  2  of  2) 
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Figure  2-10.  Sample  Case  Output,  Time  History  Print  (Sheet  10  of  11) 
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PHI,  THETA  and  PSI  are  the  Euler  angles  defining  the  orientations  of 
mass  i  with  respect  to  the  ground.  These  are  positive  right-wing-down, 
nose-up  and  nose-right,  respectively.  PHIDOT,  THETADOT  and  PSIDOT  are  the 
time  derivatives  of  the  same  angles.  P,  Q  and  R  are  the  body  axes  components 
of  the  angular  velocity  of  mass  i,  using  the  same  sign  convention  as  for  the 
Euler  angles.  PDOT,  QDOT  and  RDOT  are  the  body  axes  components  of  the  angular 
accelerations  of  mass  i.  None  of  these  orientation  quantities  is  output  for 
the  node  points,  since  these  are  the  same  as  for  the  mass  to  which  a  given 
node  point  is  attached. 

XIMPULSE,  YIMPULSE,  ZIMPULSE  are  the  accumulated  area  under  the  filtered 
acceleration  response  curve  (G-MSEC) .  Normally  the  user  should  plot  this 
data  to  evaluate  its  meaning. 

2. 2. A. 2  Beam  Data 

The  STRAIN  FORCES  and  TOTAL  FORCES  (STRAIN  +  DAMPING)  are  both  output  in 
the  same  format.  FX,  FY  and  FZ  are  the  forces  in  beam  axes  acting  upon  the 
beam  at  the  J  end  of  the  beam.  Equal  and  opposite  forces  act  upon  the  beam 
at  the  1  end.  MX  is  the  torsion  acting  at  the  j  end;  again  an  equal  and 
opposite  torsion  acts  at  the  i  end.  MYI  and  MYJ  are  the  bending  moments  at 

each  end  of  the  beam,  acting  about  the  beam  y  axis.  MZI  and  MZJ  are  the 

moments  acting  about  the  beam  z  axis.  In  general,  the  moments  acting  at  the 
i  and  J  ends  of  the  beam  are  not  equal.  The  i  and  j  ends  of  the  beam  are  at 
masses  1  and  j,  unless  the  beam  connects  to  a  node  point.  In  this  case  the 
i  end  of  the  beam  is  actually  located  at  node  point  iM,  and/or  the  j  end  at 
node  point  jN.  M  or  N  equal  to  zero  means  there  is  no  node  point;  direct 
mass  connection  is  used. 

The  beam  X,  Y  and  Z  deflection  data  is  presented  in  relative  form,  i.e., 
the  values  represent  deflections  at  the  j  end  minus  those  at  the  i  end.  The 

beam  rotation  data  is  given  in  both  ( J— I )  and  (J+l)  terms.  This  is  done 

beca  -se  the  strain  forces  are  calculated  using  both  sum  and  difference  terms. 
Note  that  these  angles  are  all  in  degrees,  rather  than  radians.  If  the  actual 
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rotations  ut  the  j  and  i  beam  ends  are  desired,  they  can  be  calculated  from 
the  output  data  as 


THETA (J ) 


THETA (J + 1 )  »  THETA (J- I ) 

7 


THETA (1)  =  THETA (J+l)  -  THETA (J-  1 ) 


Similar  equations  apply  to  PSI. 

The  Euler  angles  defining  the  current  orientation  of  the  beam  axes  are 
also  output  in  degrees.  To  determine  the  current  beam  orientation,  the 
following  steps  are  required: 

•  Rotate  PSI  degrees  about  the  ground  fixed  z  axis,  positive  nose  right 

•  Rotate  THETA  degrees  about  the  new  rotated  v  axis,  positive  nose  up 

2.2.4. 3  External  Spring  Data 

For  each  external  spring,  the  spring  compression  in  inches  and  compres¬ 
sion  load  in  pounds  is  output.  These  are  along  the  spring  axis,  which  is 
oriented  parallel  to  one  of  the  mass  axes.  The  ground  deflection  is  also 
shown;  this  deflection  will  be  zero  if  the  ground  flexibility  is  input  as  zero. 
The  ground  contact  point  loads  are  given  in  two  coordinate  systems,  ground  axes 
and  mass  axes.  If  the  spring  in  question  is  on  a  slope,  then  slope  axes  are 
used  instead  of  ground  axes.  The  output  titles  for  these  quantities  are 
self-explanatory. 

2. 2. 4. 4  Energy  Distribution  Data 

The  first  output  in  this  section  of  data  shows  the  current  total  system 
energy,  kinetic  energy,  potential  energy,  strain  energy,  damping  energy, 
crushing  energy  and  friction  energy.  The  next  section  of  output  shows  the 
contributions  cf  the  individual  masses,  internal  beams  and  external  springs 
to  these  system  totals.  The  system  kinetic  energy  should  reduce  to  zero  at 
the  conclusion  of  the  analytical  run.  From  a  practical  standpoint,  however, 
one  can  expect  individual  elements  to  oscillate  slight lv  after  the  vehicle 


comes  to  rest,  leaving  some  residual  kinetic  energy  in  the  system  long  alter 
the  responses  of  interest  have  occurred.  In  general,  it  is  anticipated  that 
if  the  analysis  shows  a  75  percent  reduction  in  kinetic  energy,  the  most 
significant  events  will  have  been  adequately  described. 

If  the  vehicle  is  impacting  on  a  flat  surface  (no  slope)  and  a  sub¬ 
stantial  portion  of  the  initial  kinetic  energy  is  due  to  forward  velocity 
(parallel  to  the  ground),  then  a  much  larger  precentage  of  the  initial  kinetic 
energy  may  remain  after  the  significant  damage  phase  of  the  crash.  The  re¬ 
maining  energy  is  accounted  for  by  the  vehicle  sliding  along  the  ground  with  a 
substantial  forward  velocity.  In  this  case,  the  vehicle  eg  translational 
velocities,  printed  earlier,  provide  a  better  indication  of  whether  the  major 
response  phase  has  been  adequately  covered.  In  general,  the  ZDOT  or  vertical 
vehicle  translational  velocity  should  be  reduced  to  zero,  indicating  that  the 
vehicle  has  ceased  its  downward  motion.  This  situation  can  also  be  seen  when 
the  system  potential  energy  reaches  a  minimum. 

The  individual  internal  beam  strain  energies  provide  the  user  with 
valuable  insight  into  the  temporal  and  spatial  flow  of  energv  in  the  vehicle. 
Generally  speaking,  the  strain  energy  concentrates  initially  near  the  point 
of  Impact,  and  as  the  strain  energy  grows  it  also  becomes  diffused  through¬ 
out  the  vehicle.  After  the  peak  responses  in  the  system  occur,  the  overall 
system  strain  energy  will  decrease  from  its  peak  value  as  the  internal  beam 
elements  unload. 

Certain  individual  nonlinear  beam  elements  may  indicate  negative  strain 
energy.  This  circumstance  may  occur  when  large  deflection  loading  and  unloading 
occurs  in  the  coupled  bending  degrees  of  freedom  lz-B  or  y-v),with  nonlinear  KK 
curves  applied  to  these  directions.  This  phenomenon  is  discussed  in 
Section  1.3.16  of  Volume  I,  and  is  due  to  the  approximate  nature  of  the  non¬ 
linear  element  analytical  model.  In  practice,  these  negative  strain  energies 
are  of  such  small  magnitude  relative  to  the  overall  system  strain  energy 
(usually  less  less  than  1  percent)  that  they  do  not  invalidate  the  overall 
analysis.  Furthermore,  these  negative  energies  tend  to  occur  toward  the  end 
of  the  analysis,  during  the  unloading  phase,  after  the  primary  responses  and 
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damage  of  interest  have  been  determined.  It  should  also  be  noted  that 
negative  strain  energy  does  not  occur  for  linear  beam  elements,  or  for  those 
that  are  nonlinear  only  in  the  uncoupled  degrees  of  freedom  (axial  and  torsion). 

The  damping  energy  of  the  internal  beams  is  usually  small  in  relation  to 
the  strain  energy,  typically  being  less  than  20  percent  of  the  strain  energy, 
until  late  in  the  run  when  the  strain  energy  has  decreased  substantially  from 
its  peak  value.  Note  that  damping  energy  always  increases  with  time,  since 
it  is  a  dissipative  energy  that  is  not  stored  and  released  as  with  strain 
energy. 

Crushing  and  friction  energies  result  from  the  deformation  of  the 
external  springs  and  flexible  ground  for  the  former,  and  from  sliding  friction 
along  the  ground  for  the  latter.  The  friction  energy  is  also  dissipative 
and  hence  monotonically  increasing,  whereas  the  crushing  energy  peaks  and 
decreases  similar  to  the  strain  energy.  In  general,  a  rather  large  percentage 
of  the  total  system  energy  may  be  represented  by  the  crushing  energy.  This 
situation  is  only  natural  since  the  external  springs  represent  the  structure 
in  immediate  contact  with  the  ground  that  undergoes  substantial  deformation. 

In  a  typical  vehicle  crash  analysis,  the  system  crushing  energy  may  be  larger 
than  the  internal  beam  strain  energy.  However,  they  both  represent  actual  air¬ 
plane  structure,  the  only  distinction  being  location  on  the  vehicle. 

The  final  energy  information  printed  is  a  summary  of  the  deviation  of  the 
total  energy  of  each  mass  in  the  system  from  100  percent.  Ideally  these  vari¬ 
ations  should  all  be  zero,  but  in  actual  practice  errors  associated  with  the 
numerical  integration  process  result  in  deviations  from  the  ideal.  This 
information  can  be  helpful  for  pinpointing  areas  of  the  mathematical  model 
that  may  be  causing  numerical  accuracy  problems,  and  alerting  the  program 
user  to  the  possible  need  for  a  finer  integration  time  step. 

In  typical  applications,  a  few  individual  mass  total  energies  may 
deviate  2-5  percent  from  the  100  percent  ideal,  while  the  total  energy 
of  the  entire  system  remains  within  0.5  percent  or  less.  This  accuracy  is 
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generally  considered  acceptable  tor  the  numerical  Integration  process. 

However,  the  program  uset  is  tree  to  ad  lust  the  Integration  time  step  to  suit 
his  own  personal  criterion  lor  the  accuracy  oi  the  individual  mass  integrat ions . 

2.2.S.5  Internal  Beam  St  toss  Data 

This  output  consists  ot  intlos  ot  current  stress  to  failure  level  stress 
(corresponding  to  initial  Yielding.),  '.ot  tout  locations  on  each  beam,  using 
two  failure  theories.  these  theories  are  the  maximum  shear  stress  theory  and 
the  theory  ot  constant  energy  oi  distortion.  Section  1.J.17  of  Volume  I  pre¬ 
sents  the  method  ot  calculating  these  ratios.  Also  shown  in  the  output  are  the 
ratios  of  current  compulsive  tensile  stress  to  the  corresponding  vie  Id  stress, 
and  the  ratio  oi  current  axial  compressive  load  (.when  it  is  compress i ve)  to 
the  critical  buckling  load. 

The  stress  data  can  be  used  as  a  guide  toi  estimating  the  time  at  which 
the  element  begins  to  yield.  When  such  a  state  is  reached,  a  stiffness  re¬ 
duction  factor  (KR)  may  be  developed  tor  the  aftected  member  which  then  can 
be  used  to  approximate  the  nonlinear  response  characteristics  of  that  member. 

The  user  is  cautioned  to  exercise  extreme  tare  in  the  interpretation  of  data 
presented  in  the  summary  since  thev  do  not  include  the  effect  of  stress 
concent  rat  Ions ,  geometric  shape  factors,  and  detail  attachment  practices  at 
Joints.  In  addition,  limitations  of  the  program  require  that  gross  regions 
of  the  vehicle  structure  be  modeled  using  relatively  simple  structural  ele¬ 
ments.  Thus,  the  more  gross  the  structural  region  the  less  accurate  the 
stress  values.  Also  monitoring  the  response  ot  a  .structural  clement  which 
mav  exhibit  a  buckling  mode  ot  failure  will  require  special  cons iderat ion. 

In  this  case  the  critical  buckling  load  becomes  sign! t leant  and  a  stiffness 
reduction  factor  should  be  developed  which  will  approximate  the  buckling 
characteristics  ot  the  element. 

Furthermore ,  the  user  should  realize  that  once  an  element  has  vielded 
or  buckled,  the  failure  theories  followed  become  invalid  and,  consequently, 
the  most  meaningful  use  of  the  response  data  is  iv  identity  which  element 
may  fail  and  at  what  point  in  time  such  failures  are  apt  to  occur. 
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2.2.5  Summaries 

At  the  conclusion  of  the  time  history  printout  several  summaries  are 
presented,  which  include: 

•  Summary  of  internal  beam  yi elding  and  rupture 

•  Summary  of  mass  penetration  into  a  control  volume 

•  Summarv  of  plastic  hinge  moment  formations 

•  Summarv  of  external  spring  loading  and  unloading 

•  Summarv  of  energy  distribution 

The  summaries  are  illustrated  in  Figure  2-11. 

Internal  beam  element  yielding  and  rupture  are  summarized  at  the  end 
of  the  run.  For  each  occurrence  of  yielding  or  rupture,  the  time,  beam 
ident if icat ion  and  beam  direction  of  yielding  or  rupture  is  output. 

Directions  1-6  correspond  to  beam  axis  directions  x,  y,  z,  <i>,  0  and  w,  the 
latter  three  being  rotations  about  the  beam  x,  y  and  z  axes.  In  addition 
the  beam  tension  and  compression  rupture  is  noted.  If  a  beam  has  a  special 
KR  curve  that  starts  at  a  nonzero  value,  then  this  summary  will  indicate 
yielding  at  time  zero.  This  output  provides  the  user  with  a  concise  summary 
of  the  onset  of  beam  nonlinearities  and  beam  ruptures.  Any  mass  penetrations 
into  the  mass  penetration  control  volume  are  also  summarized.  Both  the  mass 
penetrating  the  control  volume  and  time  of  occurrence  are  noted. 

For  the  plastic  hinge  summary  the  time  of  occurrence,  beam  designations, 
the  end  at  which  the  hinge  forms  and  the  direction  (.bending  about  Y(5),  or 
Z(6) . 

The  summary  of  external  spring  loading  and  unloading  provides  the  time 
of  occurrence,  the  spring  designations  (mass,  node,  direction),  type  of  event, 
initial  deflection,  maximum  force  and  deflection  and  unloaded  force. 

The  energy  summary  showing  the  time  variation  of  the  different  types  of 
energy  is  presented.  This  summary  facilitates  visualizing  the  energy  flow’  time 
variation;  the  one  or  two  page  summary  is  much  easier  to  read  than  skimming 
through  the  basic  time  history  print,  which  can  run  to  hundreds  of  pages. 

Figure  2-11  shows  an  example  of  this  output  for  the  sample  case.  A  quick 
glance  at  the  "PERCENT'  TOTAL  SYSTEM  ENERGY"  column  tells  the  user  how  stable 
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Figure  2-11.  Sample  Case  Output,  Summary  Prints  (Sheet  1  of  2) 
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Che  solution  Is.  The  percent  energy  should  stay  within  95  -  105  percent, 
preferably  within  a  +0.5  percent  band.  Any  significant  system  instabilities 
will  quickly  manifest  themselves  in  this  output. 

The  column  entitled  "PERCENT  MAXIMUM  ENERGY  DEVIATION"  shows  the  maxi¬ 
mum  deviation  from  100  percent  of  the  total  energy  for  each  mass  Individually, 
i.e.,  at  each  time  the  worst  deviation  of  all  the  masses  is  shown.  These 
numbers  will  always  indicate  a  greater  departure  from  100  percent  than  the 
"PERCENT  TOTAL  SYSTEM  ENERGY"  column,  wherein  all  the  masses  constituting  the 
system  are  Included.  The  reason  for  this  situation  is  that  some  of  the  masses 
tiave  positive  and  some  negative  deviations  from  100  percent,  and  when  these 
are  summed  over  the  total  system  cancellations  occur.  Individual  mass  total 
energy  deviations  in  the  order  of  10  percent  may  be  tolerable,  as  long  as  the 
total  system  energy  is  acceptable. 

2.2.6  Time  History  Plots 

The  final  section  of  output  data  consists  of  time  history  plots  of 
selected  response  quantities.  Figure  2-12  illustrates  typical  output  data. 

The  sequential  time  history  print  of  the  three  responses  is  shown  on  the 
left,  while  the  plots  are  generated  using  three  separate  printer  symbols. 

The  scale  factor  for  all  three  plots  is  shown  in  the  upper  right  corner  of 
the  page.  The  plot  summary  is  printed  on  a  separate  output  page  as  are  the 
various  sets  of  data.  For  illustrative  purposes  several  plots  have  been 
combined. 
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Figure  2-12.  Sample  Case  Output,  Time  History  Plots  (Sheet  3  of  b) 
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Figure  2-12.  Sample  Case  Output,  Time  History  Plots  (Sheet  4  of  6) 
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MATH  MODEL  DEVELOPMENT  f  HOC  ED!  WES 


3.1  OBJECTIVES 


Frogram  KRASH  in  designed  to  provide  the  user  with  a  practical  engineering 
approach  to  determine  the  crashworthiness  capabilities  of  vehicles.  The  user 
should  be  aware  that  the  features  of  the  program  are: 

•  KRASH  provides  data  from  which  an  assessment  can  be  made  of  the  occu¬ 
pant's  chances  of  survival  in  a  crash  environment. 

•  Load-deflection  behavio-  can  be  approximated  using  good  engineering 
Judgment. 

•  An  analysis  should  be  premised  on  the  fact  that  only  a  portion  of  the 
major  structural  elements  need  be  modeled  in  the  post-failure  region. 

•  Critical  regions  can  be  identified  and  approximate  post  yield  behavior 
can  be  selected  from  available  options  in  KRASH. 

Program  KRASH's  formulation  is  consistent  with  the  amount  and  quality  of 
detailed  data  that  are  available  during  a  preliminary  design  study.  Further¬ 
more,  the  analyses  diu’ing  preliminary  design  studies  can  serve  to: 

•  Ascertain  critical  regions  wherein  alterations  to  element  response  will 
be  most  beneficial. 

•  Determine  the  extent  to  which  additional  energy  absorption  is  needed. 

•  Determine  the  sensitivity  of  changes  in  crash  environment,  mass  loca¬ 
tions  and  structural  characteristics  with  regard  to  crashworthiness 
capability. 

•  Determine  the  structural  element  load-deflection  characteristics  and, 
consequently,  structural  design  and  sice  requirements  that  are  needed 
to  meet  a  specified  or  desired  crashworthiness  criterion. 

To  effectively  use  Program  KRASH,  the  user  can  benefit  from  a  set  of 
guidelines  in  establishing  a  math  model.  The  following  section  provides  an 
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outline  of  a  recommended  procedure  for  establishing  •'>  math  model  u:  ;  ii  ■ 
program  KRAGH . 

3.2  GENERAL  PROCEDURE 

The  general  step  by  step  procedure  for  developing  a  math  model  to  ho 
used  in  KRAGH  is  shown  in  Table  3-1  and  described  briefly  as  follows: 

1.  Define  the  Crash  Environment  -  Initial  Conditions  (velocities,  angles, 
angular  rates,  ground  slope,  airplane  position  relative  to  the  ground 
contact  point). 

2.  Estimate  the  energy  that  has  to  be  absorbed  based  on  vehicle  mass, 
mass  inertia  properties,  translational  and  rotational  velocities. 

3.  Define  the  expected  order  of  failure  and/or  deformation  of  critical 
structure  and  the  regions  in  which  they  are  located  with  regard  to 
their  potential  effect  on  occupant  safety.  Generally,  critical  region 
are  where  the  initial  impact  takes  place  and/or  are  associated  with 
the  occupant,  cabin  area. 

L.  Define  t  he  types  of  elements,  that  are  involved  in  the  critical  regions 
and  the  anticipated  load  deformation  behavior  of  each.  At  tins  point 
only  a  general  definition  of  the  post-failure  behavior  is  required. 
While  nonlinear  behavior  can  be  complex,  it  is  suggested  that,  general 
post-failure  curves  be  established  for  axial,  torsion,  and  bending  in 
two  planes  be  considered  for  each  internal  element.  For  structure 
that  is  expected  to  contact  the  ground,  define  the  orientation  and 
length  of  external  springs  which  will  be  used  to  represent  crushable 
structure . 

5.  Layout  a  model  representation  of  the  structure  incorporating  the  major 
elements  and  define  the  mass  point  locations. 

o.  Estimate  mass  properties  and  linear  stiffness  properties  for  each  of 
the  members  using  typical  cross  sections  to  compute  area  and  material 
properties  (E,  G,  A,  Tx ,  !..).  For  structure  that  potentially  contacts 
the  ground,  the  overall  load-deflection  characteristics  should  be 
estimated  using  available  test  and  or  analytical  data.  For  other  than 
concrete  surfaces,  the  stiffness  characteristics  of  the  terrain  have 
to  be  approximated. 

J.  Estimate  nonlinear  characteristics.  Use  program  calculation  of  pre¬ 
liminary  loads  and  deflections  as  a  guide  to  initial  selection  of 
values . 


TAELE  3-1.  PROCEDURE  OUTLINE  FOR  DEVELOPING  A 
MATH  MODEL  USING  KRASH 


PROCEDURE 

GENERAL  DESCRIPTION 

1. 

Definition  of  Crash 
Environment 

Initial  Conditions,  Terrain 

2 . 

Estimate  of  Energy 

Absorption 

Vehicle  Mass,  inertia  properties 
initial  impact  conditions 

3. 

Identification  of  Critical 
Structure 

Potential  for  occupant  survival 

1*. 

Definition  of  Element  Types 

General  nonlinear  load-deflection 
characteristics 

5. 

Math  Model  Layout 

Nodes,  masses,  springs,  elements 

6. 

Estimate  of  Mass  and 

Stiffness  Properties 

Determine  masses,  inertias, 
stiffness,  materials 

•7  # 

Select  nonlinear 
characteristics 

Use  preliminary  load  and  deflection 
data  as  a  guideline 

8. 

Estimate  Failure  cutoffs 

Failure  deflections  and/or  loads 

9- 

Damping  Coefficients 

Select  percent  critical  damping 
for  beams 

10. 

Initial  Computer  run 
{max.  time  =  0) 

Review  model  input  data 

11. 

Review  Model  Parameter  Data 

Overall  mass  properties  frequen¬ 
cies,  damping 

12. 

Revise  Input  Data,  if 
required 

Based  on  results  of  preliminary 
run 

13. 

Select  Integration 

Interval 

Based  on  member  frequencies 

Ik. 

Limited  Computer  Run 

(T  <  0.010  seconds) 

max 

Check  validity  and  stability  of 
model 

15. 

Revise  Model  (if  required) 

Based  on  results  of  computer  run 
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TABLE  3-1.  PROCEDURE  OUTLINE  FOR  DEVELOPING  A 
MATH  MODEL  UP I NO  KRAPH  (Continued) 


PROCEDURE 

GENERAL  DEPCRIPTI0N 

16. 

Pelect  Data  Requirements 

Choose  print /plot  options 

17. 

Perform  Extended  Runs 

Incorporate  "restart"  capability 

18. 

Review  Rupture  Summary  Data 

Determine  if  yields,  and/or 
failures  are  consistent 

19. 

Review  Energy  Data 

Determine  if  spatial  and  temporal 
distribution  are  appropriate 

20. 

Revise  Model  as  Required 

Revise  nonlinearities,  crushable 
structure,  and 'or  failure  limits, 
as  required.  Utilize  "Restart" 

21 . 

Finalize  Model 

Determine  run  time  and  data  to 
be  obtained 

3.  Estimate  failure  loads  for  the  various  critical  elements.  Using  the 
linear  stiffness  data,  determine  the  appropriate  failure  deflections. 
Program  KRAPH  computes  uncoupled  failure  loads  and  deflections  and 
this  data  can  be  used  as  a  first  estimate  for  input. 

9.  Provide  damping  coefficients  for  all  the  members.  It  is  suggested 
that  initially  values  of  0.01  to  0.0^  be  used  for  all  members. 

10.  Pet  up  the  KRAPH  data  deck  and  run  a  case  for  a  time  =  0  printout. 

Pet  the  integration  interval  at  At  =  0.00003  seconds.  Although  one 
may  be  interested  in  establishing  a  relatively  large  model  (-50  masses, 
-100  members),  it  is  advisable  to  first  make  a  trail  run  with  an 
abbreviated  version  of  the  math  model.  The  smaller  model  can  take 
advantage  of  the  symmetry  of  the  airplane  to  reduce  the  model  size 
to  about  60  percent  of  the  ultimate  model.  While  it  may  not  be  used 
to  obtain  final  results,  it  will  provide  insight  into  modeling 
requirements  in  a  more  economic  manner  than  the  larger  model. 

11.  Review  the  model  parameter  data  to  check  overall  vehicle  mass  prop¬ 
erties,  eg  location,  member  frequencies  and  vehicle  position  relative 
to  the  ground. 

12.  Revise  the  math  model  mass  and/or  coordinate  positions  if  they  are 
not  compatible  with  the  airplane  properties. 
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Select  an  initial  Integra*  i.  rt  •  v.-il.  \  rule  of  t  !ur.  I  f*.  r 
"electing  a  final  integrit  inn  >■  '•  ii  t li»*  following! 

At  ?  0.  1  1  I  :  "  l  *i  i  '■  pe'llC  ■  (  ii  -  ) 


Typical  problems  requ  1  rr  ’  •  ■>  :on  interv  1;  between  1  x  10  and 

3  x  10  In  estab.l  i  shi  r  *•  the  m«' h  •"  lei  it  is  Vest  to  avoid  (if 
possible)  members  whore  rr-  icncy  wi1  \coed  r>00  Hr.  A  review  of 
the  model  parameter  Vita  p'-ini  it  wi  ’  1  he.j  the  user  determine  wl-.ich 
members  have  the  potentia’  t(  •  :  e  i  nt«  trat  ing  associated  problems. 

Make  an  initial  computer  i  limit*'!  t  ime  v  TMAX  *  0.010)  and  a 

print,  interval  of  c*0  t,o  1  v  t  At  .  ’hook  the  output  lata  with 
regard  to: 

•  External  spring,  de'  cct  :  •!-.  •■u>|  forces 

•  Individual  element  enercie 

•  Overall  energy  cnntrit  oi  an 

•  Selected  member  forces  an  i  *"l ions 

In  this  check  tlie  user  is  rr:  concerned  with  the  validity  of 

initial  results  (symmetry,  mn-  nil  V-,  directions,  energy  distribu¬ 
tion)  and  whether  potential  in.  tali  it.v  problems  may  occur  (i.e., 
energy  growth,  negative  energy).  Enter  in  this  section  a  discussion 
on  how  to  troubleshoot  and  rectify  potential  stability  problems  is 
presented. 

Revise  the  model,  as  requ ; red. 

Select  the  data  to  be  p-  ,  nt  e.i  •  u.:  er  plotted.  This  includes  mass, 

beam,  spring,  and  energy  at  *. 

Once  the  user  has  determine*;  ..at  th  >  basic  model  that  has  been 
established  is  valid,  nr -re  >"  id  time  runs  should  be  made.  While 
it  is  possible  to  make  one  .  et.*  computer  run  with  the  initial 

math  model,  it  is  more  likely  that  several  runs  will  be  required. 
Generally  it  is  desirable  to  heck  the  model  at  various  stages  of 
time(  i.e.,  TMAX  =  O.OhO,  0.080,  0.1G0,  O.leO)  to  make  sure  selection 
of  nonlinear  elements  is  consistent  with  the  type  of  crash  condition 
that  is  being  analyzed.  The  user  can  take  advantage  of  the  ’’restart’’ 
capability  in  KRAGH  to  build  the  model  up  in  stages. 


18.  Review  the  rupture  siimmary1  data. 

19.  Compare  the  energy  absorption  capability  of  the  structure  to  the 
amount  of  kinetic  energy  that  has  to  be  absorbed.  Crushing  and 
ground  friction  generally  account  for  im  re  than  90  percent  of  the 
total  energy,  with  strain,  damping  and  potential  energy  changes 
accounting  for  the  difference.  In  general  it  will  suffice  to 
account  for  dissipating  the  energy  associated  with  the  vertical 
descent  rate.  This  occurs  when  the  vertical  component  of  the  trans¬ 
lational  velocity  reaches  zero.  For  most  crash  conditions  (except 
overturns)  this  requires  an  analysis  of  between  100  and  150  milli¬ 
seconds  crash  duration. 

20.  Revise  model,  if  necessary;  might  require  varying  o:'  crushable 
structure  load-deflection  characteristics,  nonlinear  ’un es 
and/or  failure  limits. 

21.  Finalize  model  and  select  output  data;  i.e.  ,  stress,  0RI .  acceleration. 

Table  3-2  provides  a  format  which  will  aid  the  user  in  determining  the 
size  of  the  model  needed,  what  regions  of  the  airframe  are  critical,  whether 
to  use  external  spring  or  internal  element  representations  and  the  primary 
sources  of  available  data.  For  a  particular  accident  condition  and  airplane 
to  be  analyzed,  the  user,  by  following  the  format  shown  in  Table  3-2,  can 
define,  in  general  terms,  the  relative  significance  of  modeling  different 
portions  of  the  structure  using  program  KRACH,  Table  3-3  illustrates  how  the 
table  would  appear  with  data  that  is  applicable  to  a  single-engine,  high-wing 
airplane  which  is  to  be  modeled  for  a  stall  spin  crash  accident.  From  the 
general  description  contained  in  Table  3-3,  it  can  be  noted  that  for  the  acci¬ 
dent  of  interest  and  airplane  considered,  the  representation  of  the  forward 
fuselage,  cabin  area,  lower  fuselage,  engine  mount,  and  seat  system  have  the 
predominant  influence  on  occupant  survivability.  In  particular  the  fuselage 
structure,  due  to  the  large  amount  of  energy  that  is  absorbed  in  deforming, 
requires  that  proper  load-deflection  characteristics  be  represented.  On  the 
other  hand,  due  to  the  nature  of  the  impact  conditions  associated  with  this 
accident  and  their  location  (for  this  airplane  configuration)  relative  to  the 
occupant's  livable  volume,  structural  regions  such  as  the  aft  fuselage,  tail 
unit,  and  wing  structure  need  not  be  rigorously  modeled,  since  their  failure 
behavior  does  not  pose  a  threat  to  the  safety  of  the  occupants. 


TABLE  3-3.  SAMPLE  COMPLETED  TABLE  :  Jr.  SINGLE -ENGINE,  HIGH- WING  A  IF  r  LA 


3.3  INPUT  DATA  REQUIREMENTS 


Program  KRASH  requires  the  following  information: 

•  A  set  of  control  cards  which  includes  information  regarding  impact 
conditions,  problem  size,  print  and  plot  controls,  model  symmetry, 
impact  surface  slope  and  type,  integration  interval  and  duration  of 
analysis. 

•  Mass  data  including  coordinates,  mass  and  inertia  properties  and  node 
point  locations. 

•  External  spring  data  including  attachment  mass  identification  and 
direction  in  which  spring  acts,  free  length,  ground  coefficient  of 
friction,  ground  flexibility  bottoming  spring  rate  and  associated 
plow  force,  and  load-deflection  characteristics. 

•  Internal  beam  data  including  beam  member  identification,  beam  area, 
material  and  damping  properties,  and  nonlinear  deflection  characteristics. 

•  Failure  data  including  maximum  force  or  deflection  rupture  values. 

•  Dynamic  Response  Index  (DRI)  identification. 

•  Volume  change  and  penetration  data. 

•  Miscellaneous  optional  data  including  nonzero  values  of  aerodynamic 
lift,  angular  momenta  of  rotating  masses  and  cross  products  of  mass 
inertial,  acceleration  pulse  time  histories,  and  direct  input  of  the 
individual  element  stiffnesses. 

Input  data  are  described  in  detail  in  Section  2. 

Brief  discussions  related  to  the  proper  interpretation  and  application  of 
the  input  data  are  provided  in  Section  4  of  this  report, 

3.4  OUTPUT  DATA  AVAILABLE 


Program  KRASH  provides,  at  each  time  interval  of  designated  print,  the 
following  data  with  which  the  user  can  evaluate  the  structural  crashworthiness 
of  vehicles: 

•  Mass  response  data  including  position,  velocity  and  acceleration  as  a 
function  of  time  in  ground  and  airplane  axes. 

•  Internal  beam  strain  and  total  forces  (strain  plus  damping)  and  dis¬ 
placements  in  six  directions,  as  well  as  relative  rotations. 
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•  External  spring  compression,  axial  load,  ground  deflection  and  ground 
contact  loads  in  ground  and  mass  axes. 

•  PRT  number  for  each  DRT  element  (optional), 

•  Overall  vehicle  eg  translational  velocity  (3  directions). 

•  Volume  change  data  (optional). 

•  Energy  distribution  by  mass  (kinetic  and  potential),  beam  (strain, 
damping)  and  spring  (crushing,  friction). 

•  Stress  output  for  each  element  (optional). 

In  addition  the  program  provides  the  following  output  data: 

(a)  At  the  outset  of  the  analysis  one  time  print  of  Model  Parameter  Pata. 
These  data  include  vehicle  weight,  eg  location,  overall  mass  inertia 
properties,  vehicle  position  at  ground  contact,  beam  frequencies  and 
damping  coef f icients,  and  an  optional  print  of  calculated  uncoupled 
yield  forces  and  deflections. 

(b)  Print  and  plot  (3  per  page)  end  of  the  run  summaries  of  each  of  the 
continuous  time  print  data.  A  summary  print  of  yielded  and  ruptured 
members  and  the  times  at  which  the  event  takes  place  is  also  provided, 
as  is  an  energy  summary  print. 

The  output  data  are  described,  in  detail,  in  Section  2. 

To  assist  the  user  in  obtaining  data,  as  well  as  for  understanding  the 
use  of  the  data  and  interpretation  of  the  results.  Table  3-^  is  provided. 

Table  j-U  shows  where  information  related  to  pertinent  areas  of  interest  are 
located  in  the  three  volumes  which  comprise  the  k'RASH  User's  Manual. 
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TARLE  3-U .  USER'S  MANUAL  INDEX 


APPLICABLE  USER'S  MANUAL  SECTIONS 

AREA  OF  INTEREST 

VOLUME  I 

VOLUME  II 

VOLUME  III 

• 

Crash  Environment- 
Impact  Conditions, 
Terrain 

1.  1.15, 

1  . 1.5. >'.1 

O  1  'D  O  O 

t-.X*  t  t  .  u  , 

2.2.14,  14.2, 

U.12,  It.  13 

2.3,  2.5 

• 

Energy  Absorption- 
Components 

1. I.l6 

5.l5, 

2  .  2  .  It  .  It 

5.3 

• 

Structural  Behavior- 
Failure  Nonlinear 
Characteristics 

1.  3. 5- 3.U 

2.1,  5.?, 

It .  5 . 2 

1.5,  5.3 

• 

Model  Layout 

2.1,  2.2.14.1, 

1.5 

Nodes 

1. 1.1 

It .  1 ,  It .  1* ,  It .  5 

Members 

l.l.l 

2.1,  2. 2. It. 2, 

•t .  6 

• 

Input  Data: 

2.1 
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Materials 

It. 5.1 

Mass  Properties 

1.1.  T 

It.  3 

Linear  Stiffness 
Damping  Values 

1.1.5. 3.? 
1.1.5. 3.6 

5.5. 1 

KR  Factors 

1.3.5. 3.5 

It .  5 . 2 

External  Springs 

1.1. 5.5 

lt.lt 

• 

Beam  Frequencies 

1.1. 5. 3.6 

2.2.3 

• 

Integration  Interval 

1.3.13 

It.  lit 

• 

Instability 

1.3.13 

2. 2. It. 5,  5.15 

• 

Failure  Deflection, 
Loads,  Rupture 

2.2.3,  2.2.5 

5.3.1 

• 

Volume-Penetration, 

Change 

1.3.10 

1.3.11 

2.2.5,  5.9 

3.5 

• 

Occupant  Response, 

DRI ,  Movement , 

Severity  Indices 

1.3.12 

2.1,  2.2.5, 

5.10 

3.3,  3.5 

LOCKHEED 
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AREA  OF  INTEREST 


•  Output  Data 

Mass  responses 

Beam  Forces, 
Displacements 

Energy 

External  Springs 
eg  Velocity 


SECTION  4 

KRASH  DATA  REQUIREMENTS 


4.1  PROGRAM  OUTPUT  CONTROLS 

Program  output  controls  are  provided  to  give  the  user  flexibility  in  re¬ 
viewing  pertinent  data  associated  with  a  KRASH  analysis.  The  program  can  pro¬ 
vide  a  mountain  of  data,  if  desired.  However,  experience  has  shown  that  only 
a  portion  of  the  data  available  for  output  is  absolutely  necessary  to  evaluate 
the  vehicle's  structural  crashworthiness  capability  for  any  particular  crash 
situation.  The  program  is  set  up  to  provide  a  minimum  amount  of  print.  Using 
the  appropriate  output  controls  the  user  may  select  any  amount  of  additional 
data  desired.  For  example,  the  user  can  obtain  all  the  output  print  at  each 
time  interval  by  exercising  one  computation  code  (stresses)  and  seven  print 
controls  (responses,  strain  force,  total  force,  external  spring  data,  beam 
deflections,  individual  energy  terms,  and  stress  data).  In  addition,  a  print 
and  plot  summary  of  all  or  part  of  the  above  noted  data  can  be  obtained  at 
the  end  of  the  run  by  exercising  plot  control  cards.  Obviously,  there  is  no 
need  to  print  data  at  each  time  interval  as  well  as  at  the  end  of  the  run. 

More  likely,  after  initial  checkout  of  the  math  model  the  user  will  find  sum¬ 
mary  prints  and  plots  of  selected  data  more  efficient  and  useful. 

4.2  AIRPLANE  AND/OR  IMPACT  SYMMETRY  AND  INITIAL  CONDITIONS 

The  user  of  KRASH  is  required  to  input  data  for  either  a  complete  vehicle 
or  only  one-half  of  the  vehicle.  If  the  crash  analysis  involves  symmetrical 
impact  conditions  (i.e.,  no  roll,  yaw  or  side  motion),  the  user  can  simplify 
the  input  requirements  and  save  nearly  40  percent  in  computer  time  by  utiliz¬ 
ing  the  symmetrical  modeling  capability  of  KRASH.  The  input  symbol  for  con¬ 
trolling  symmetrical  or  unsymmetrical  coding  in  KRASH  is  the  flag  RUNMOD. 


RUNMOD  =  0  Full  vehicle  data  required.  Program  analysis  is  valid 
for  symmetrical  or  unsymmetrieal  impact  conditions. 

RUNMOD  =  1  Half  vehicle  data  required.  Program  analysis  is  valid 
for  symmetrical  conditions  only. 

RUNMOD  =  2  Half  vehicle  data  required.  Program  generates  a  full 
model  and  program  analysis  is  valid  for  symmetrical 
or  unsymmetrieal  crash  conditions. 

If  the  airplane  itself  is  unsymmetrieal,  the  user  must  input  data  for  a  com¬ 
plete  airplane.  For  future  consideration,  a  logical  extension  of  KRASH 
capability  would  be  to  allow  the  program  to  calculate  a  full,  symmetrical 
airplane  model  based  on  the  half  airplane  input  data,  and  punch  cards  for 
the  full  airplane  model.  The  user  can  use  these  cards  as  a  starting  point 
for  the  full,  unsymmetrieal  airplane  model. 

The  input  data  required  to  define  the  impact  condition  are: 

•  longitudinal,  lateral  and  vertical  velocities  (x,y,z)  -  in/sec 

•  roll,  pitch,  and  yaw  angular  rates  (p,q,r)  -  rad/sec 

•  roll,  pitch  and  yaw  angles  (4>,0,4O  -  radians 

The  data  are  in  ground  axes  and  the  following  directions  apply: 

•  x,y,z  are  positive  forward,  out  the  right  wing,  and  down,  respectively 

•  p,q,r  are  positive  right  wing  down,  nose  up,  and  tail  left,  respectively 

•  4>,0,4J  are  positive  right  wind  down,  nose  up,  and  tail  left,  respectively 

4.3  MASS  COORDINATES  AND  PROPERTIES 

A  mathematical  model  developed  for  KRASH  consists  of  a  series  of  mass¬ 
concentrated  nodes  interconnected  by  massless  members.  The  nodes  are  generally 
selected  at  locations  where  major  masses  are  located  and/or  where  significant 
forces  are  expected  to  act,  such  as  at  Joints  between  major  structural  members. 
Typical  of  the  points  at  which  mass-concentrated  nodes  are  located  are  the  engine 
eg,  selected  wing  stations,  intersection  of  fuselage  -  vertical  and  horizontal 
tail,  door  or  cabin  section  corners,  fire  wall,  landing  gear,  seat,  and  occu¬ 
pant  eg.  Typically  one  should  be  able  to  model  probable  crash  conditions 


with  less  than  50  masses  and  preferably  with  between  30  and  ^0  masses,  depend¬ 
ing  on  the  size  of  the  vehicle.  f>  ince  the  members  connecting  the  various  nodes 
are  considered  massless,  their  actual  weight  and  inertia  properties  are  dis¬ 
tributed  among  adjoining  node  points.  Most  structures  that  are  represented 
in  KRASH  require  such  a  distribution.  Some  distinct  concentrated  weight 
items  such  as  engines,  main  gears,  and  occupants  have  well  defined  mass  loca¬ 
tions  and  properties.  Panel  point  mass  and  inertia  data  frequently  used  in 
flutter  analyses  provide  an  excellent  source  of  information  from  which  the 
user  can  determine  the  necessary  mass  distributions. 

The  distribution  of  mass  and  inertia  properties  for  the  math  model  should 
reasonably  approximate  the  vehicle's  weight,  eg  location  and  mass  inertial 
properties.  These  data  should  be  obtainable  within  5  percent  of  the  actual 
values.  However,  the  user  should  avoid  placement  of  nodes  resulting  in  light, 
stiff  structure  which  gives  rise  to  a  high  natural  frequency.  This  could 

create  stability  problems  which  are  discussed  later  in  this  section.  The  use  ^ 

of  massless  node  points,  also  discussed  in  a  later  subsection,  should  facili¬ 
tate  the  generation  of  a  more  detailed  model  thus  minimizing  stability  prob¬ 
lems.  This  implies  that  KRASH  should  not  be  expected  to  be  an  effective  ana¬ 
lytical  tool  for  accurately  predicting  the  motion  of  localized  structure,  or 
the  local  instability  of  a  panel,  frame,  or  shell.  However,  the  larger  the 
section  of  structure  that  is  represented  between  nodes,  the  more  effective 
KRASH  can  be  as  an  analytical  tool  because  of  the  techniques  that  are  em¬ 
ployed  in  the  program. 

KRASH  employs  essentially  a  lumped-mass  analysis.  The  manner  in  which 
the  masses  and  inertias  are  determined  and  assigned  to  the  respective  nodes 
is  described  in  the  following  paragraphs.  To  obtain  mass  property  estimates 
the  user  should  first  divide  the  vehicle  into  volume  configurations.  The 
use  of  simple  geometric  shapes  is  recommended  as  a  first  approximation. 

Reference  2  (Table  11)  provides  data  regarding  properties  of  plane  areas. 

These  data  can  be  used  to  make  estimates  of  mass  properties  of  sections. 

Typical  of  the  shapes  that  are  recommended  are  rectangular,  parallel¬ 
epipeds,  right  rectangular  pyramids,  right  circular  cones,  and  right  ellip¬ 
tical  cylinders.  Figure  U-l  shows  some  of  these  shapes  along  with  the  volume, 
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SOLID  VOLUME  SURFACE  AREA  GRAVITY  MOMENT  OF  INER 


Mass  monent  of  inertia  about  x,  y  and  z  axis  lb  -  in  -  sec 


surface  area,  center  of  gravity,  and  mass  moment  of  inertia  associated  with 
the  sections.  As  a  first  approximation,  the  distribution  of  the  mass  within 
the  volume  is  assumed  such  that  the  center  of  gravity  of  the  volume  coincides 
with  the  location  of  the  mass  nodal  mass  point.  Having  volumes  which  over¬ 
lap  or  extend  beyond  the  vehicle  surface  is  acceptable  although  some  minor 
inaccuracies  will  result.  Figure  4-2  shows  a  section  of  an  airplane.  Using 
typical  sections  from  Reference  2  and  Figure  4-1,  sample  calculations  of  mass 
properties  are  shown  as  follows: 

Sample  Calculations : 

Mass  Location  2  (Quarter  section  of  Right  Circular  Cone,  No.  5  Figure  4-1) 


F  S. 


These  calculations  apply  to  a  solid  body  of  homogeneous  mass  distribu¬ 
tion.  Frequently  airplane  structure  is  made  up  of  more  nearly  hollow  sections 
of  cylinders  and  cones.  For  these  sections,  the  inertias  can  be  calculated 
by  subtracting  the  inertias  of  the  inner  volume  from  those  of  the  outer 
volume.  In  many  cases,  the  only  difference  between  these  is  the  skin 
thickness . 
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L.L  EXTERNAL  SPRINGS 

External  springs  are  used  to  simulate  the  deformation  of  crushable  struc 
ture  by  the  ground.  The  external  spring  can  define  a  combination  of  linear 
and  nonlinear  behavior.  It  is  limited  to  defining  a  maximum  of  three  linear 
regions  (DA,  BC,  DE)  and  two  nonlinear  (AB,  CD)  as  noted  in  the  general  load- 
deflection  curve  shown  below: 


In  KRASH,  two  sets  of  data  are  required  to  define  the  external  springs. 
One  set  of  data  defines  the  mass,  the  direction,  the  coefficient  of  friction, 
the  extended  length,  bottoming  stiffness  and  the  associated  plowing  force 
and  ground  flexibility  (for  soil  impacts  only)  for  each  spring.  The  second 
set  of  data  describes  the  load-deflection  characteristics  which  requires 
input  data  for  S^,  SA,  Sg,  Sp,  FSPOI  and  FSPOF  as  defined  in  the  sketch  above 


Characteristically,  the  deformation  of  crushable  structure  or  deformed 
terrain  is  such  that  a  region  is  reached  wherein  the  confined  crushing  that 
takes  place  is  very  significant  and  the  stiffness  substantially  increases. 


The  final  linear  region  in  the  sketch  above  represents  this  region. 
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The  application  of  external  springs  to  describe  crushable  regions  is 
best  illustrated  using  the  following  two  examples,  one  based  on  test  resiilts 
(Reference  3)  and  the  other  on  analysis  (Reference  4 ) .  Figures  4-3(a)  and 
4-3(b)  show  a  segment  of  a  structure  before  and  after  a  crush  test.  The 
segment  is  approximately  26  inches  high,  50  inches  long  and  11  inches  wide. 

The  load-deflection  and  associated  enerj^y  absorbed  curves  are  shown  in 
Figure  4-4.  Also  shown  in  Figure  4-4  is  the  representation  of  the  structure's 
load-deflection  and  energy  absorption  characteristics  used  in  KRASH.  The 
structure  shown  in  Figure  4-5(a)  and  ),-5(b)  represents  a  substructure  for 
which  the  load-deflection  characteristics  were  obtained  by  analysis  and  veri¬ 
fied  by  test.  The  structure,  whose  overall  dimensions  were  half  size  (46  inches 
long,  12  inches  wide,  and  6  inches  deep),  represents  a  portion  of  a  large  sec¬ 
tion  of  a  helicopter  as  can  be  noted  in  Figure  4-6.  The  analytically  obtained 
load-deflection  curve  is  shown  in  Figure  4-7,  along  with  the  characteristics 
of  the  external  spring  used  in  KRASH  to  i epresent  the  structure's  load- 
deflection  behavior. 

The  two  examples  point  out  that  an' external  spring  represents  gross 
behavior  of  a  reasonably  large  section  of  structure,  and  approximates  the 
behavior  of  the  structure  with  a  load-deflection  curve  which  defines  the  peak 
load  and  energy  absorption  characteristics  with  reasonable  accuracy. 

When  the  effects  of  two  different  stiffness  characteristics  in  series 
are  involved  then  a  combined  load-deflection  curve  which  is  a  function  of 
both  stiffnesses  is  developed.  Figure  4-8  illustrates  how  two  different 
external  spring  load-deflection  curves  in  series  are  combined  for  KRASH. 

The  dashed  curve  is  the  composite  of  curves  1  and  2.  For  the  case  shown, 
the  external  spring  representing  the  crushable  region  is  depicted  by  two 
linear  regions  and  one  nonlinear  region. 

Determining  the  load-deflection  characteristics  of  structure  can  be 
involved  if  test  data  is  not  available.  Some  guidelines  for  determining  this 
data  is  provided  in  Section  4.10.5. 

Once  the  input  requirements  have  been  satisfied  it  is  important  to 
understand  how  the  external  spring  forces  are  used  in  KRASH.  This  aspect  of 
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(b)  I  o:;t  Test  Condition 


Figure  U-.i,  Pretest  ami  Post  To  si  Condition  of  ;i  FusoIhcjo 
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DEFLECTION,  IN. 


Figure  4-4.  Load-Deflection  and  Energy  Absorption  Characteristics 
for  the  Fuselage  Bumper  Substructure  (Reference  3) 

JCRASH  is  important  not  only  in  setting  up  a  model  but  in  evaluating  results 
with  regard  to  their  validity,  as  well  as  to  determining  possible  changes 
that  may  be  required.  As  described  in  Reference  1,  external  springs  can 
extend  in  any  or  all  of  three  directions  (k  =  1,2,3).  The  k  =  1  direction 
represents  a  spring  acting  along  the  longitudinal  axis,  the  k  =  2  direction 
represents  a  lateral  spring  and  the  k  =  3  direction  represents  a  vertical 
spring.  The  lengths  of  the  springs  are  input  positive  or  negative;  positive 
springs  point  forward,  right  and  down  relative  to  the  airplane,  negative 
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Pretest  Condition 


(b)  Post  Test  Condition 


Figure  *4-5 


Pretest  and  Post  Test  Condition  of  a  12-Inch  Deep  Lower 
Fuselage  Substructure  Specimen  (Reference  1* ) 
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Load-Deflection  Curve  for  Substructure  and  Corresponding 
Math  Model  Representative  Curve  (Reference  h) 
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Figure  4-8.  Combined  Load-Deflection  Characteristics  Modeled  in  KRASH 

springs  are  opposite.  Figure  4-9  shows  two  positions  for  an  airplane  and  the 
directions  for  external  springs  which  are  input  as  positive  lengths.  For  the 
inverted  case.  Figure  4-9(b),  a  negative  spring  would  be  input  for  k  =  3  to 
achieve  the  desired  ground  contact.  If  an  erroneous  sign  is  input  the  results 
will  be  detected  in  the  mass  parameter  data  and/or  external  force  print,  both 
of  which  are  discussed  later  in  this  section. 

Tables  4-1  and  4-2  show  the  external  spring  force  as  a  function  of  the 
impact  angle  (G)  and  the  slope  angle  (p)  for  two  common  crash  modeling  situa¬ 
tions.  The  data  provided  in  Tables  4-1  and  4-2  and  the  following  example 
serve  to  illustrate  the  manner  in  which  external  forces  are  developed  in 
KRASH  and  consequently  their  effect  on  the  model  results. 

For  illustrative  purposes  it  is  assumed  that  a  model  has  been  established 
for  an  impact  into  a  90-degree  slope.  The  initial  conditions  for  the  airplane 

are: 


4-l6 


NOTE:  9  SHOWN  IS  INPUT  AS  NEGATIVE  TO  KRASH 

0=  ^  LONGITUDINAL  DIRECTION 

l  =  2  LATERAL  DIRECTION 

l  =  3  VERTICAL  DIRECTION 


Figure  U-9.  External  Spring  Positive  Length  Directions 


TABLE  U-l.  EXTERNAL  SPRING  FORCE  NORMAL  TO  THE  SLOPE  FOR 
t’  =  1  DIRECTION,  POSITIVE  LENGTHS 


SLOFE 

IMPACT  ANGLE  (  -  0)  DEGREES 

(NOSE  DOWN) 

ANGLE 

(P) 

0 

30 

(150) 

^  fv-t 

-3  ^ 

60 

(100) 

90 

0 

0 

Fcos  60 

Fcos  1*5 

Fcos  30 

F 

30 

Fsin  30 

Fcos  30 

Fcos  15 

F 

Fcos  30 

^5 

Fsin 

Fcos  15 

F 

Fcos  15 

Feos  1*  s 

60 

Fsin  60 

F 

Fcos  IS 

Fcos  30 

Fcos  60 

90 

F 

Fcos  30 

Fcos  ii5 

Fcos  60 

0 

(a)  F  =  External  Spring  Force  (Function  of  Spring  Compression) 


(b)  Force  along  the  slope  equals  the  coefficient  of  function  (P) 
times  the  force  normal  to  the  slope 


TABLE  h-2.  EXTERNAL  SPRING  FORCE  NORMAL  TO  THE  SLOPE  FOR 
i  =  3  DIRECTION,  NEGATIVE:  LENGTHS 


SLOPE 

IMPACT  ANGLE 

(- 0 )  DEGREES  (NOSE  DOWN) 

ANGLE 

(P) 

1*5 

60 

90 

120 

135 

150 

l80 

0 

0 

0 

0 

Fcos  6 0 

Fcos  1*5 

E’cos  30 

TT 

30 

0 

0 

Fcos  60 

Fcos  30 

Fcos  15 

F 

Fcos  30 

1*5 

0 

0 

Fcos  1*5 

Fcos  15 

F 

Fcos  15 

Fcos  1*5 

60 

0 

0 

Fcos  30 

Y 

Fcos  15 

Fcos  30 

Fcos  60 

90 

Fcos  1*5 

Fcos  30 

F 

Fcos  30 

Fcos  1*5 

Fcos  60 

0 

(a)  No  ground  contact  for  0  >■-  1*5 

(b)  F  =  External  Spring  Force  (Function  of  Spring  Compression) 

(c)  Force  along  the  slope  equals  the  coefficient  of  friction  ( P) 
times  force  normal  to  the  slope 


longitudinal  eg  velocity  (x) 
vertical  eg  velocity  (z) 
pitch  attitude  (0) 
pitch  rate  (6) 
ground  coefficient  (p) 


=  259  in/sec 
=  19.5  in/sec 

=  -38.5  degrees  (nose  down) 
=  105  deg/sec  nose  down 
=  1.0 


The  impact  situation  and  external  spring  load-deflection  curve  are  depicted 
in  Figure  U— 10 • 

From  mass  11  external  springs  extend  in  the  airplane  longitudinal  and 
normal  directions.  These  are  identified  in  Figure  U-10  as  11-1  and  11-3, 
respectively.  The  airplane  velocity  at  the  time  of  contact  with  the  surface, 
point  0,  is  determined  from  the  initial  eg  translation  velocity  and  rotational 
velocity  components  as  shown  in  Figure  U-ll.  They  result  in  the  velocities 
at  point  0  acting  in  the  forward  and  down  directions.  Consequently,  the 
reaction  force  (F^)  is  normal  to  the  surface  and  the  drag  component  (F^)  is 
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IMPACT  CONDITION 


DEFLECTION,  IN. 


EXTERNAL  SPRING 
LOAD-DEFLECTION 
CURVE  FOR 
SPRING  IV1 


AIRPLANE  MOTION 
(RELATIVE  TO  GROUND) 


♦  X  FORWARD 
♦2  DOWN 

+Y  RIGHT  (NOT  SHOWN) 
t  -  80  INCHES 


Figure  4-10.  Typical  Impact  Condition 


259  IN./SEC  ♦ 
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19.5  IN./SEC 
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—  >,144  SIN  F 
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!  «  90.0  IN./SEC 


TRANSLATIONAL  VELOCITY  COMPONENTS  ROTATION  VELOCITY  COMPONENT 
(■)  <b) 


169  IN./SEC 

132.2  IN./SEC 


NET  VELOCITIES 
<c> 


Figure  4-ll.  Spring  Contact  Point  Velocity 


upward  as  shown  in  Figure  4-12.  To  determine  the  magnitude  of  the  normal 
and  drag  forces  that  are  acting,  one  has  to  understand  that  KRASH  treats 
the  slope  angle  and  attitude  of  the  airplane  in  the  following  manner. 

•  The  spring  force  (F)  acting  along  the  direction  of  the  spring  is 
computed  initially.  This  force  is  shown  in  Figure  4-12. 

•  The  force  components  normal  and  parallel  (F^  and  F  )  to  the  contact 
surface  (slope)  are  computed.  Fd  acts  opposite  the  direction  of  the 
corresponding  velocity  component.  These  force  components  are  shown 
for  a  90  degree  and  0  degree  slope  in  Figure  4-12. 

Assume  one  is  interested  in  the  forces  acting  shortly  after  impact 
(0.002  seconds).  The  deflection  of  the  external  spring  can  be  estimated 
from  Ax  =  (x)  (At)  =  169  X  0.002  =  0.338  inches.  From  the  load  deflection 
curve,  the  force  at  t  =  0.002  can  be  obtained  from  (K)  (AX)  =  5000  x  0.338 


PT  0 


K  •  EXTERNAL  SPRING  STIFFNESS  90  DEGREES 

-  COMPRESSED  LENGTH  OF  SLOPE 

EXTERNAL  SPRING 


,:zr 


PT  0 

777777777 


(•I  EXTERNAL  SPRING 
REACTION  FORCE 


lb)  NORMAL  AND  DRAG 
FORCE  COMPONENTS. 
90  DEGREE  SLOPE 


(c)  NORMAL  AND  DRAG 
FORCE  COMPONENTS 
0  OEGREE SLOPE 


Figure  - — 12 .  formal  and  Drag  External  Spring  Force  Components 


N'ext,  KRASH  computes  the  force  component  normal  to  the  surface  which 
in  this  case  is  equal  to 


F„  =  1690  (cos  38.5  ) 

N 


=  1600  (0.782)  =  1323  lb. 


(Ul> 


The  drag  force  parallel  to  the  surface  is  then  obtained  from 


Fa  "kF,  .  1.0  (1323)  =  1323 


(2-2) 


Following  the  procedures  above  one  can  estimate  the  reaction  force  com¬ 
ponents  for  external  springs  acting  on  the  appropriate  masses  for  different 
directions,  attitudes,  coefficients  of  friction,  slope  angles  and  initial 
velocities.  Obviously  as  more  springs  are  involved  and  as  time  progresses 
in  the  crash  analysis,  the  results  are  more  tedious  to  evaluate.  However, 
at  any  cut  in  time  each  external  spring  can  be  isolated,  and  knowing  the 
load-deflection  curve  and  KRASH  output  data  one  can  verify  the  results. 
Figure  U-13  presents  the  portion  of  the  output  that  pertains  to  external 
spring  data  for  the  crash  condition  described  above.  As  can  be  noted,  the 
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Figure  4-13.  External  Spring  Output 

output  shows  the  mass  identification  ani  direction  of  the  spring  as  well  as 
its  compression  and  the  forces  acting  at  the  contact  surface  in  both  ground 
and  mass  axes.  Given  this  data  ani  knowing  the  model  geometry,  the  forces 
and  moments  that  act  on  the  appropriate  mass  for  the  respective  external 
springs  can  be  determined.  The  information  described  in  this  subsection  is 
also  important  in  that  one  can  evaluate  whether  the  model  setup,  given  the 
initial  conditions,  is  proper  for  the  Ltuation  being  analyzed.  For  example, 
in  a  turnover  it  is  important  to  know  the  line  of  action  of  the  forces  and 
the  force  magnitudes  in  order  to  determine  the  manner  in  which  the  airplane 
will  rotate  after  impact. 

4.5  INTERNAL  LINEAR  AND  NONLINEAR  STRUCTURAL  MEMBERS 

Program  KRASH  describes  the  interaction  between  a  series  of  massless 
interconnecting  structural  elements  and  concentrated  rigid  body  masses  to 
which  the  structural  elements  are  attached  at  their  ends.  The  interconnect¬ 
ing  elements  represent  the  stiffness  characteristics  of  the  structure  between 
the  masses.  The  masses  can  translate  and  rotate  in  all  directions  under  the 
influence  of  the  external  forces  (i.e.,  gravity,  aerodynamics,  impact)  as  well 
as  the  constraining  internal  forces.  The  manner  in  which  the  structure  moves 
and  the  forces  act,  is  directly  related  to  the  manner  in  which  the  structure 
being  analyzed  is  modeled  and  the  direction  and  magnitude  of  the  external 
forces,  as  is  the  situation  whenever  real  structure  is  idealized  mathematically. 

4.5.1  Linear  Elements 

Program  KRASH  requires  that  each  internal  structural  element  (those 
elements  which  are  not  in  direct  contact  with  an  impact  surface)  be 
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represented  by  six  load-deflection  curves.  Depending  on  the  direction  of  the 
loading  and  the  manner  in  which  the  structural  elements  attach  to  one  another, 
some  of  the  six  load-deflection  curves  may  not  be  significant  and  conse¬ 
quently  will  not  require  as  accurate  a  representation  as  the  others.  The  six 
directions  define  bending  in  two  planes,  torsion  and  axial  loads.  Program 
KRASH  accepts  as  input  data  for  each  internal  element  the  following  data: 


A  = 

J  = 
x 

I  = 

y 

i  = 
z 

XIQ  = 
Z1  = 
Z2  = 
MC  = 


'(Therein  J 

x 

I  +  I  . 


cross  sectional  area,  in“ 

torsional  stiffness  factor,  in 

moment  of  inertia  about  element  y  axis,  in’ 

moment  of  inertia  about  element  z  axis,  in 

torsional  shape  factor  (XIQ  •  moment  =  stress.  Ref  5) 

distance  from  neutral  axis  about  y  axis  to  extreme  fiber,  in 

distance  from  neutral  axis  about  z  axis  to  extreme  fiber,  in 

material  code 

=  I  +■  I  ,  the  user  can  input  zero  for  J  and  KRASH  will  sum 
y  z  r  x 


y  z 

Currently  KRASH  contains  data  for  six  standard  materials  (MC  =1-6) 
and  four  material  codes  (MC  7-10)  to  give  added  modeling  flexibility.  The 
user  can  also  specify  any  nonstandard  material  property  (MC  16-20)  as 
described  in  Section  2.1. 


For  each  material  there  is  specified: 

E  =  modulus  of  elasticity,  psi 
G  =  modulus  of  rigidity,  psi 
oc  =  allowable  compression  stress,  psi 
a l  =  allowable  tension 
0's  =  allowable  shear  stress,  psi 

The  properties  of  the  various  materials  are  shown  in  Table  U-3,  In  addition 
to  the  above  data  KRASH  allows  the  user  to  specify  if  the  beam  is  pinned- 
fixed  or  pinned-pinned.  Unless  the  end  condition  is  noted  all  beams  are  con¬ 
sidered  fixed-fixed. 


TABLE  U-3.  MATERIAL  PROPERTIES 


MAT'L 

CODE 

MATERIAL 

MODULUS  OF 
ELASTICITY 

E  x  10-6 

( lb/in^) 

SHEAR 

MODULUS  OF 
ELASTICITY 

G  X  10-6 
( lb/ in-5) 

TENSILE 

YIELD 

STRESS 

°t  „ 

( lb/ in'- ) 

COMPRESSIVE 

YIELD 

STRESS 

°c 

( lb/  in*~ ) 

SHEAR 

YIELD 

STRESS 

os  _ 

( lb/ in'  ) 

1 

Ul 30  Steel 

30 

11 

75000 

75000 

37500 

2 

6150  Steel 

30 

11 

205000 

205000 

80000 

3 

300  Series 
Stainless  Steel 

28 

12.5 

70000 

1(6000 

36000 

1* 

202L-T3  Al. 

10.5 

1» 

It  7  000 

39000 

22000 

5 

6061-T3  Al. 

10 

3.8 

35000 

3lt000 

17000 

6 

BI95-TU  Cast 
Aluminum 

10 

3.8 

16000 

16000 

17000 

7 

Low 

Modulus  Mat 1 1 

1 

0.3 

16000 

16000 

17000 

6 

Zero-Torsion 

Mat '  1 

1 

0 

16000 

16000 

17000 

9 

DRI  Spine 
(MAN) 

1 

0.3 

16000 

16000 

17000 

10 

DRI  Spine  (DRI) 

1 

0.3 

16000 

16000 

17000 

The  stiffness  matrix,  whether  obtained  by  direct  input  or  internally 
computed,  is  linear  and  remains  so  for  each  element  unless  the  element  is 
specified  to  have  nonlinear  characteristics.  The  linear  stiffnesses  for  the 
various  elements  can  be  obtained  from  test  data  or  from  analysis.  For 
example,  during  the  normal  course  of  certifying  an  aircraft,  static  tests  are 
performed  in  which  loads  and  moments  at  various  fuselage  stations  are 
obtained  for  a  specified  condition.  Data  obtained  from  this  source  can 
be  used  to  obtain  the  linear  stiffness  data  required  by  KRASH.  As  an 
example,  assume  that  the  out-of-plane  bending  moments  and  deflections  are 
obtained  at  two  different  stations  and  the  available  data  is  as  noted  below: 

length  =  8l.4 

deflection  (pt.  1)  =  -lJtO  inches 
deflection  (pt.  2)  =  -*-0 . U  inches 

moment,  Mx,  varies  linearly  from  0  in-lb  at  point  1  to  60,580  in-lb  at 
point  2 

U— 2  3 


The  relative  deflection  (2v) 
the  out-of-plane  stiffness  terms 


is  1 . U •'*  inches, 
is  given  by 


The  Kl„  product  required  for 


Mxdx  _  l.lUl6  x  lo' 
2v  =-  1 .  UU 


0.7 5  x  10 


8 


(W) 


Knowing  the  material  E,  the  average  section  areu  moment  of  inertia  1  can 

z 

then  be  obtained. 

Another  approach  to  obtaining  stiffnesses  from  test  data  is  to  use 
natural  frequency  data.  For  example,  for  a  strut-mounted  mass  or  cantilevered 
mass  the  stiffnesses  can  be  approximated  from  frequency  data  as  follows: 


=  J  K/M 

n  v 


Kz 


eff 


where 

=  natural  frequency,  rad/sec 
M  =  mass  at  end  plus  1/2  of  member  mass 


With  the  structural  material  and  member  length  known,  the  area  inertia 
can  be  obtained  from  the  expression 


and  therefore 


W,  T 


I 

y 


3E 


(fc-5) 


(fc-6) 


For  tubular  structure,  I 


For  elements  with  a  variable  cross 


section  the  average  I  and  1^  properties  can  be  determined.  The  use  of 
average  section  properties  is  applicable  to  landing  gear,  eng,ine  mount 
and  wing  structure.  Generally  speaking,  average  cross-sectional  properties 

I  ,  I  ,  A  are  available  for  these  structures,  and  thus  the  stiffness  terms 

y’  z’ 

can  be  readily  determined. 


In  developing  input  data  for  the  element  linear  stil’nesses,  it  is  im¬ 
portant  that  the  user  follow  the  notations  that  KRASH  has  established  for 
beam  orientations.  These  orientations  and  the  respective  x,  y,  z  coordinates 
are  shown  in  Figure  U— lU . 

The  information  in  Figure  U— ll»  is  used  as  illustrated  below.  Assuming 
an  internal  element  is  oriented  in  the  fore-aft  direction  from  mass  number  1 
(forward)  to  10  (aft),  the  beam  axes  are  defined  as: 

♦y  to  the  left 


+z  down 


+x  aft 

If  the  same  beam  had  been  set  up  in  the  model  with  the  mass  numbers  reversed, 
then  the  beam  axes  would  have  been  defined  as: 

+y  to  the  right 

+z  down 
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*x  forward 


BEAM  ORIENTATION 


BEAM  AXES 


_  V 


BEAM  AXES 


Nkr’ 


s\ 


y  (forward) 


NOTES 

i  -  LOWERED  NUMBERED  MASS 

i  -  HIGHER  NUMBERED  MASS 

X^,  *V  (RIGHT) 

(FORWARDIN'^ 

1  AIRPLANE  AXIS 

2  (DOWN) 

Knowing  the  proper  beam  axes  orientation  is  important  since  the  element 
area  moment  of  inertias  have  to  be  input  about  the  y  and  z  axes.  As  can  be 
seen  from  Figure  h—lh ,  the  axis  definition  depends  on  the  beam  orientation. 
The  user  should  calculate  the  element  properties  Knowing  that  KRASH  assigns 
the  x,  y,  z  axes  for  each  beam  based  on  its  orientation  relative  to  the  air¬ 
plane  x,  y,  z  axes.  Also,  knowing  the  orientation  of  each  element  is  impor¬ 
tant  in  the  interpretation  of  the  member  force  and  deflection  output  data. 

k.5.2  Nonlinear  Elements 

Yield  strength,  plastic  deformation,  and  postfailure  behavior  are 
accounted  for  in  KRASH  by  the  use  of  stiffness  reduction  factors  (KR's). 

These  factors  modify  the  linear  stiffness  of  each  structural  element  to 
which  they  are  applied.  Since  it  is  not  usually  necessary  to  consider  all 
the  elements  as  nonlinear,  a  particular  problem  may  require  that  ur  10  to 
30  percent  of  of  the  structure  be  modified  by  KR  factors.  The  internal 
forces  (F^j)  for  each  element  are  computed  as  follows: 

Kj}  -  KJ  Kj}  (1-7 

linear 

Kj}  -  *  {aF,ij}  (1'-8 

current  previous  incremental 

KR's  can  be  thought  of  as  a  means  of  altering  the  stiffness  properties 
of  an  element  after  it  has  reached  yield.  Given  a  linear  stiffness  matrix 
and  an  KR  curve  (KR  versus  deflection),  one  can  obtain  a  force  versus  deflec¬ 
tion  curve  by  the  following  expression: 


o 


Subscripts  ij  refer  to  the  beam  connecting  masses  i  and  J.  Subscript  l  refers 
to  the  direction  (x,  y,  z,4>,  0,  or^).  K^  ,  ,  is  the  diagonal  term 


in  the  stiffness  matrix  This  equation  is  valid  only  for  the  case 

wherein  no  coupling  exists  in  the  linear  stiffness  matrix.  For  example,  this 
is  normally  the  case  for  axial  loading  (x)  and  torsion  (<J>). 

Figure  U-15  illustrates  the  relationship  between  a  KR  versus  deflection 
curve  and  the  corresponding  load-deflection  curve. 

When  KR  =  1  the  linear  stiffness  is  unaltered,  and  the  force-deflection 
curve  is  linear  for  the  particular  element.  Consequently,  the  portion  of  the 
curve  shown  by  a-b  in  Figure  ^-15  represents  a  typical  linear  force-deflection 
curve.  In  the  region  from  'b'  to  'c'  (Figure  14-15),  the  KR  term  goes  from  1 
to  0.  A  KR  =  0  reduces  the  stiffness  to  zero  which  results  in  a  constant 
force  at  that  time.  Consequently,  from  'b'  to  ' c ’  the  incremental  force 
changes  as  the  integral  of  KR-dx  as  shown  below: 


AF 


KR  dx 


and  the  total  force  acting  at  point  c  is 


F  =  F  +  AF 
c  b 


(K  vb)  +  K 


KR  dx 


(14-10) 


(*•-11) 


ij  =  ijth  ELEMENT,  1  TO  NO.  ELEMENT 
SEE  TABLE  h  —  U  FOR  "(?"  DESIGNATIONS 


Figure  k-15.  Relationship  Between  Force  Versus  Deflection  and 
KR  Versus  Deflection  Curve 
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Continuing  the  process  from  'c'  to  'd',  KR  goes  negative  which  is  the 
equivalent  of  a  negative  stiffness.  If  KR  at  'd'  were  =  -1,  then  the  stiff¬ 
ness  at  'd'  would  be  -K.  However,  in  the  sample  shown  KR  =  -0.1  and  there¬ 
fore  the  force  at  *  d '  equals 

d 

Fd  =  ?c+K  j  KR  dx  ( 4-12 ) 

c 

The  determination  of  the  exact  nonlinear  behavior  of  structural  elements 
is  very  difficult,  particularly  when  interaction  of  loads  is  involved.  It 
was  shown  in  Reference  6  that  by  approximating  the  nonlinear  behavior  while 
presenting  the  proper  failure  load,  responses  which  are  sufficiently  accurate 
for  crash  analysis  purposes  are  obtained.  KRASH  carries  this  approach  one 
step  further  by  preprogramming  some  typical  nonlinear  curve  shapes.  The 
need  to  input  KR  tables  is  practically  eliminated.  Instead,  the  input  data 
requirements  for  each  nonlinear  element  are  the  number  identification,  the 

i 

direction  (x,  y,  z,  <J>  ,  0  ,  ^  ),  the  deflection  at  peak  load,  and  type  of 
curve  (NP  =  number  of  points  needed  to  describe  the  curve)  as  shown  and 
described  in  Figure  4-l6. 

The  NP  =  5  through  8  curves  describe  post- failure  characteristics  for  an 
individual  element.  The  NP  =  9  curve  can  be  defined  for  structural  behavior 
of  elements  which  may  act  in  series.  The  use  of  this  type  of  curve  is 

TABLE  4-4.  MEMBER  FORCE  AND  DEFLECTION  DESIGNATIONS 


K 

— 

MEMBER  FORCE 
DIRECTION 

- . - 

PROGRAM 

DESIGNATION 

t 

MEMBER  DEFLECTION 
DIRECTION 

PROGRAM 

DESIGNATION 

1 

axial  force 

X 

1 

axial  deflection 

X 

2 

out-of  plane  force 

Y 

2 

out-of-plane  deflection 

y 

3 

in-plane  force 

Z 

3 

in-plane  deflection 

z 

4 

torsional  moment 

M 

4 

rotation  about  x  axis 

4> 

5 

in-plane  moment 

N 

5 

in-plane  rotation 

e 

6 

out-of  plane  moment 

L 

6 

out-plane  rotation 

* 

desirable  to  describe  the  collapse  of  one  structure  wherein  the  load  then  is 
transmitted  to  a  stiffen  member  (i.e.,  engine  support  mount  attached  to  fire¬ 
wall  or  bulkhead).  KRASH  allows  the  user  to  model  this  type  of  structure  by 
defining  a  curve  as  having  nine  points  (NP  =  9),  and  providing  the  same  member 
identification,  direction  and  failure  deflection  information  required  of 
NP  =  5,  6,  7,  and  8  curves,  plus  the  deflection  at  which  restiffening  occurs. 

The  user  is  not  restricted  to  using  internally-coded  nonlinear  curves. 

The  user  can  define  any  shape  by  inputting  a  value  of  NP  equal  to  or  greater 
than  10  but  no  more  than  15.  For  this  particular  type  of  curve,  the  user 
specifies  a  table  of  KR  vs  deflection,  as  described  in  Section  2.1. 

To  help  the  user  take  full  advantage  of  KR-de fleet ion  curves,  the  non- 
dimensional  plot,  shown  in  Figure  4-17,  and  the  KR-de fleet ion  data  for  in¬ 
ternally  coded  nonlinear  curves,  shown  in  Table  4-5 ,  are  presented.  For 
values  of  P  <  1.0  and  X  <  1  (Figure  14-17),  the  load-deflection  values  corre¬ 
spond  to  the  linear  stiffness  (KR  =  l)  for  the  appropriate  member  and  its  direc¬ 
tion.  At  X  >  1  the  load-deflection  characteristics  are  nonlinear  and  KR  fac¬ 
tors  modify  the  linear  stiffness.  From  the  data  provided  in  Figure  i*— 17  and 
Table  3-7,  it  is  shown  that  the  load  and  deflection  values  are  obtained  as 
follows : 

•  Define  the  curve  of  interest  (NP  =  5,  6,  7,  8,  9) 

•  Determine  6  from  X  *  LDP  for  the  appropriate  curve.  For  example, 

NP  =  8,  LDP  =  2  inches  (input  data),  and  a  nondimens ional  deflec¬ 
tion  equal  to  1.5  would  yield  6  =  1.5  x  2.0  =  3  inches. 

•  Determine  L  from  P  •  K  •  LDP  at  the  same  nondinens ional  deflection 
(1.5)  and  curve  type  (NP  =  8).  In  the  above  example,  given  a  stiff¬ 
ness  K  =  2  x  lO^  lb/in.  From  Figure  4-17,  P  =  0.5  and  therefore: 

L  =  0.5  x  2  x  105  x  2  =  2  x  105  lb. 

If  the  deflection  (6)  is  known  then  one  can  compute  X  and,  using  the 

appropriate  curve  in  Figure  4-17,  obtain  a  value  of  P  from  which  the  load  (L) 

can  be  determined  as  previously  shown.  Thus  the  user  can  readily  identify 
load  and  deflection  values  for  any  particular  internally  coded  nonlinear  value. 
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TABLE  *-5.  :<H  REFLECTION  CURVES  INTERNALLY  CODED  IN  KRASH 


NP 

NP  =  6 

j 

r  =  7 

NP  =  8 

AT 

POINT 

KR 

X 

KR 

X 

KR 

X 

KR 

X 

0 

1.0 

0 

1.0 

0 

1.0 

0 

1.0 

0 

a 

1.0 

LDP 

1.0 

LDP 

1.0 

LDr 

1.0 

LDP 

b 

0 

>  LDP 

-0.25 

1*  *  LDP 

-0.5 

3  *  LDP 

-1.0 

?  *  LDP 

c 

0 

>  LDP 

0 

>1*  *  LDP 

0 

>3  *  LDP 

0 

>2  *  LDP 

LBF  =  deflection  at  failure  load  (input  data) 

NP  =  number  of  points  defining  an  internally  contained  KR  curve  (input  data 
X  =  deflection  (contained  within  KRASH) 


By  using  the  information  provided  in  this  section  which  shows  the  rela¬ 
tionship  between  forces,  stiffnesses  and  KR  factors,  the  user  can  program  a 
wide  range  of  nonlinear  behavioral  characteristics. 

Thus  far  the  discussion  for  internal  members  provides  the  user  with  the 
ingredients  by  which  he  can  obtain  linear  properties  and  treat  nonlinear 
behavior  in  KRASH.  In  order  to  use  the  nonlinear  curves,  the  user  is  required 
to  input  a  failure  deflection  value  for  each  nonlinear  curve.  In  reality,  the 
failure  deflection  is  obtained  by  predicting  a  failure  load  and  determining 
the  failure  deflection  using  the  known  member  linear  stiffness.  It  is  recom¬ 
mended  that  the  prediction  of  failure  loads  be  made  using  available  analytical 
expressions  for  beams,  columns,  and  frames.  References  3  and  h  provide  a 
literature  survey  discussing  analytical  methods.  However,  to  facilitate  the 
user's  understanding  of  what  is  involved,  the  following  two  examples  are  given 
on  how  nonlinear  data  is  obtained  for:  (l)  estimating  the  axial  failure  de¬ 
flection  due  to  a  column  instability  failure  and  (2)  estimating  the  failure  de¬ 
flections  and  rotations  based  on  beam  stresses  exceeding  yield. 
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Example  1 


Assume  that  a  failure  deflection  value  is  needed  in  order  to  represent 
with  program  (CRASH  the  buckling  load  failure  of  an  engine  mount.  The  avail¬ 
able  data  are: 


Modulus  of  Elasticity  (E) 
Area  Moment  of  Inertia  (I) 
Member  length  ( l ) 

Axial  stiffness  (K^) 


6  2 
30  x  10  lb/in" 

0.19  in 

30  inches 

7.2  x  105  lb/in. 


Based  on  data  provided  in  Reference  5  (Table  XV,  page  3^0,  Case  l)  KRASH 

contains  expressions  for  computing  the  critical  load  ( P * )  from  the  following 

two  loading  and  support  conditions: 

Condition  Expression 

(l)  Uniform  straight  beam  under  end  ^2  (k-13a) 

load.  Both  ends  hinged.  P'  =  - — 

ur 


(2)  Uniform  straight  beam  under  end 
load.  Both  ends  fixed 


P' 


4tt2EI 


(U-13b) 


Thus,  for  the  member  properties  noted  above  and  using  expression  (U-13a),  the 
critical  load  P*  is  15,627  lb.  The  axial  deflection  at  the  critical  load  is 
obtained  from  P'/K^  and  equals  0.022  inches,  which  is  the  value  of  LDP  that 
would  be  input  into  KRASH  in  the  {=  1  (axial)  direction. 

Example  2 

The  following  member  properties  are  given: 

2 

Yield  stress  (c  )  =  125,000  lb/in  (annealed  steel) 

Area  moment  of  inertia  (I)  =  0.19 

Distance  from  neutral  axis  to  extreme  fiber  (-Z)  =  0.^25 
Stiffness  in  bending  (K.^)  =  2670  lb/in 
Length  ( l )  =  30  in. 
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It  is  desired  to  obtain  an  estimate  of  expected  deflection  at  failure, 
based  on  the  stresses  exceeding  yield.  The  procedure  is  as  follows: 

Establish  the  basic  relationships 

Moment  (M)  =  Force  x  length  =  o’  I/Z 

Force  =  stiffness  (K)  x  deflection  (6)  thus; 


(4-l4) 


However,  K  #  because  the  influence  of  rotation  has  to  be  considered. 

To  do  this,  the  coupled  force  (F)  and  moment  (M)  expressions  for  in-plane  or 
out-of-plane  bending  have  to  be  used.  For  the  in-plane  case  the  expression  is: 


(4-15) 


(4-16) 

(4-17) 

(4-18) 

(4-19) 

(4-20) 
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Therefore 


Assuming  M 


A  =  12EI  4 El  6Er  _  12(EI ) 

e3  *  r  tu 

,  one  obtains  from  Equation  t-22 


•  ■  W  fe)'  ■  (*) ' 

Therefore,  the  equivalent  stiffness  is  given  by 


and 


K  =1  =  ^1 

z  2  3 


K  ~  T  K33 

Using  K  =  ri,  the  deflection  (6)  is  obtained  from  Equation  (3-l8) 

(125,000)  (0.19)  „  n  . 

6  -  HJ,  '(£%)  1^,  -  2-8  “■ 


(Jj-21) 


(fc-22) 


(i*-23) 
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The  rotation  due  to  a  force  F  can  also  be  determined  from  the  first  part 
of  equation  (U-19).  Since  this  value  does  not  include  the  effect  that  the 
moment  has  on  the  deflection,  it  should  only  be  used  as  an  initial  trial  value. 

KRASH  has  provisions  for  calculating  the  initial  trial  nonlinear  deflec¬ 
tion  values  based  on  preliminary  uncoupled  loads  following  the  expressions 
noted  above.  During  the  initial  computer  runs  the  member  moment  is  available 
and  the  value  can  be  used  to  determine  if  yield  stress  for  the  member  has  been 
reached.  Assuming  that  the  moment  does  not  cause  the  member  to  yield  the 
user  can  then  determine  what  moment  and  force  values  will  cause  a  yield  failure, 
and  using  Equation  (U-l8),  he  can  then  refine  his  estimate  of  a  failure  de¬ 
flection  (6)  value  to  be  input  into  KRASH.  The  user  can  also  monitor  stresses 
for  individual  elements  to  help  determine  the  adequacy  of  the  estimated  de¬ 
flection  value  at  which  nonlinearity  occur. 

Coupled  effects  are  difficult  to  evaluate,  and  the  procedures  described 
herein  are  only  approximate.  For  example,  when  an  element  is  subjected  to 
axial  tension  or  compression  in  addition  to  transverse  loads,  the  axial  ten¬ 
sion  may  tend  to  reduce  the  bending  moment,  while  axial  compression  may 


increase  the  bending  moment.  The  solution  to  this  problem  cannot  be  obtained 
by  simple  superposition.  The  chance  in  deflection  produced  by  the  axial  load 
must  be  considered.  The  maximum  stress  in  the  extreme  fiber  of  an  internal 
element  can  be  described  by: 


3  —  + 


A  -  I/Z 


where 


P  =  axial  load 
A  =  cross  sectional  area 
I/Z  =  section  modulus 

=  maximum  bending  moment  due  to  the  combined  effect  of  the  axial  and 
transverse  loads 

M'  can  be  obtained  with  sufficient  accuracy  by  the  following  approximate 
formula  from  He  Terence  !*. 


where  =  1/3  for  a  cantilevered  beam  with  an  end  load.  Additional  formulas 
for  various  beam  configurations  under  combined  axial  and  transverse  loading 
are  provided  in  He  Terence  5. 

These  and  other  approximate  techniques  can  be  used  effectively  as  a 
means  of  verifying  analytical  results  as  well  as  for  establishing  initial 
i nput  pa ramete  rs . 

Program  KHAf-H  calculates  uncoupled  preliminary  loads  and  deflections  to 
as  a  first  estimate  of  datu  for  determining  nonlinear  deflections.  Ex- 
**nce  has.  shown  that  in  a  coupled  loading  condition  the  user  should  moni- 
*•  ••.ement  stresses  for  the  particular  loading  encountered,  and  establish 
r  -  *  .  i.  f  r  KH  curves  based  on  these  results. 


\ 


i.-  n 


While  reliance  on  stress  has  limitations  (Section  I4.8),  the  use  of  stress  as 
a  monitoring  tool  to  assess  if  yield  has  been  reached  offers  some  advantage 
to  the  user.  The  user  should  be  looking  for  consistency  between  load,  deflec¬ 
tion,  stress,  and/or  failure  to  ascertain  the  validity  of  the  model. 


h.6  MASSLESS  NODES 

KRASH  allows  the  user  to  define  node  points  which  are  massless.  These 
points  are  rigidly  connected  to  mass  points.  With  this  capability  the  user 
can  attach  internal  beams  and  external  springs  at  points  other  than  the  eg 
of  a  lumped  mass.  This  feature  can  be  helpful  in  modeling  a  seat  and  an 
engine  on  its  mount. 

While  KRASH  has  the  capability  to  model  80  masses,  mass  locations  can¬ 
not  be  arbitrarily  assigned,  particularly  in  regions  wherein  light  weight 
structure  is  located.  Experience  in  modeling  light  fixed-wing  airplane 
structure  has  indicated  that  reasonable  care  must  be  taken  in  selecting  mass 
locations  such  that  element  response  frequencies  are  compatible  with  the 
integration  interval.  The  higher  the  element  frequency,  the  smaller  the 
integration  interval  (and  higher  the  cost  to  perform  an  analysis)  that  is 
required  to  maintain  a  stable  system.  Two  areas  that  are  particularly  vul¬ 
nerable  in  this  regard  are: 

1.  Rigorous  modeling  of  a  finite  mass  (engine)  which  has  several 
attach  points. 


2.  Rigorous  modeling  of  a  seat  system. 


Both  systems  involve  a  network  of  extremely  light  members  (struts, 
seat  legs)  if  all  node  points  are  to  be  presented.  Figure  4-l8  shows  a 
typical  tubular  engine  mount  arrangement.  The  engine  is  a  relatively  large 
mass,  attached  to  its  mounting  bed  at  1  and  2  (one  side  shown).  The  tubular 
supporting  structure,  in  turn,  attaches  to  the  firewall  at  points  A  and  B 
(one  side  shown).  Without  the  use  of  massless  nodes  the  user  has  to  idealize 
the  engine  and  its  mounts  as  a  lumped  mass  with  the  weight  at  the  eg  and  the 
upper  and  lower  mounts  each  as  internal  beam  members  (dashed  lines  in  Fig¬ 
ure  18)  which  represent  stiffness  properties  in  six  directions  for  more 


than  one  tubular  member.  However, 


with  the  use  of  massless  nodes  the  user 
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can  model  directly  each  mount  at  its  appropriate  attuch  point.  For  example, 
the  engine  mount  arrangement  can  now  be  modeled  with  flexible  members  having 
the  area  properties  of  individual  tubes  connecting  point  A  to  2  and  P  to  1 
and  2  (Figure  !i-l8)  for  each  side.  Program  KRASH  contains  rigid  body  equations 
which  relate  to  these  nodes  to  the  mass  (at  eg  of  engine  in  this  case). 

In  addition,  one  can  add  nodes  at  any  point  on  the  engine.  For  example, 
node  point  8  (Figure  U-l8)  could  represent  an  accelerometer  location  whose 
response  is  to  be  monitored  during  a  test  or  is  available  from  previous  test 
data.  Similarly,  at  the  firewall  to  which  points  A  and  B  attach,  the  user 
can  specify  nodes  which  are  rigidly  connected  to  a  mass  representation  of  the 
firewall  at  a  more  convenient  location. 

Figure  4-19  shows  a  typical  pilot  or  copilot  powered  adjustable  seat 
configuration.  The  modeling  arrangement  without  benefit  of  massless  nodes  is 
shown  in  Figure  **-20.  Since  the  seat  pan  and  floor  structure,  in  the  region 
of  the  seat  legs,  are  relatively  light  weight  areas,  it  is  difficult  to  model 
with  much  detail.  Ideally  k  masses  should  represent  the  seat  pan.  However, 
this  causes  a  potential  integration  related  instability  problem.  The  user, 

IDEALIZED 
MOUNTS 


ACTUAL 

MOUNTS 


FIREWALL 


MOUNT  TUBULAR  STRUCTURE 


Figure  U— 18 .  Typical  Tubular  Engine  Mount  Arrangement 


Figure  U-19.  Typical  Pilot  or  Copilot  Power  Adjustable 
Seat  Configuration 

- RIGID  MEMBER 

-AAA-  FLEXIBLE  MEMBER 


TO  OCCUPANT  UPPER  TORSO 


NOTE: 

POINTS  a.  b.  c  AND  d  REPRESENT  SEAT  LEG 
ATTACH  POINTS  ON  THE  SEAT  PAN.  POINTS  a, 
f,  g  AND  h  REPRESENT  SEAT  LEG  ATTACH  POINTS 
ON  THE  FLOOR 


Figure  1-20,  Model  Arrangement  in  KFASH  Without 
Massless  Nodes 
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therefore,  has  to  compromise  and  represent  the  seat  legs  with  one  member. 

This  requires  representing  the  response  characteristics  of  several  floor 
members  with  one  beam  as  well  as  idealizing  the  seat  legs  as  another  indi¬ 
vidual  member. 

With  the  application  of  massless  nodes,  the  user  can  represent  the 
occupant-seat- floor  arrangement  as  shown  in  Figure  t-21.  Massless  nodes  are 
established  at  each  seat  leg-floor  attachment  point  and  at  each  corner  of  the 
seat  pan.  Each  of  the  seat  legs  is  modeled  as  a  column.  Points  1  through  5 
are  mass  locations  and  points  (a)  through  (h)  are  massless  node  points.  Mass 
point  1  represents  the  seat  pan  and  occupant's  lower  torso. 


-  RIGID  MEMBER 

-W-  FLEXIBLE  MEMBER 


MASS  1 _ SEAT  PAN  AND 

LOWER  TORSO 

MASSES  2-4 _ FLOOR  STRUCTURE 


TO  OCCUPANT  UPPER  TORSO 


Figure  **-21.  Model  Arrangement  in  KRASH  With  Massless  Nodes 


U.7  FORCE  AND  DEFLECTION  RUITURE 


Program  KRASH  provides  for  the  loss  of  structure  in  the  event  a  maximum 
force  or  deflection  is  exceeded  in  any  of  the  6  directions  associated  with 
each  internal  beam  element.  Unless  a  rupture  force  or  deflection  is  specified 
the  program  allows  for  deflections  and  rotations  of  100  inches  and  radians, 
respectively,  and  lO'1'0  pounds  or  in.  lbs.  for  force  and  moment,  respectively. 
Wherein  structure  fails  to  the  point  that  no  load  can  be  carried  by  the 
particular  member,  it  can  be  designated  a  rupture  element  and  the  maximum 
allowable  force  or  deflection  and  associated  direction  have  to  be  defined. 

This  feature  is  particularly  useful  for  representing  such  elements  as: 

•  landing  gear  bulkhead  attach  points 

•  r.cse  gear  lower  and  upper  support  structure 

•  tail  cone  structure 

•  seat  leg  floor  attachments 

•  fuselage  to  wing  attachments 

•  pinned  members 

4 . 8  STRESSES 

KRASH  has  provisions  for  calculating  member  stresses.  As  noted  in 
Section  k.5.1  the  internal  beam  input  data  includes  information  which  is 
applicable  to  element  stress  analysis.  The  torsional  shape  factor  XIQ  is 
related  to  the  stress  ( cr )  by 


<t  =  (XIQ)  (Torque) 

Torque  =  (J^)  (Rotation  Angle) 

Table  L-6  (obtained  from  Reference  5,  Table  IX )  shows  typical  formulas 

by  which  J  and  XIQ  can  be  obtained.  J  is  the  torsional  stiffness  factor 
x  X 

and  equals  the  K  term  in  column  2  of  Table  U— 6 .  XIQ  is  equal  to  the  term  which 
relates  maximum  stress  (a)  to  torque  in  column  3  of  Table  U-6.  The  terms 
Z1  and  Z2  are  the  distance  from  the  y  neutral  axis  and  z  neutral  axis  to  their 
respective  extreme  fibers. 


TABLE  l*-6.  FORMULAS  FOR  TORSIONAL  DEFORMATION  AND  STRESS  (REFERENCE  5,  -ABLE  IX)  (Continued) 


The  user  can  request  stress  calculations.  However,  if  stress  calcula¬ 
tions  are  to  be  made,  the  input  data  must  include  appropriate  information  for 
XIQ,  Z1  and  Z2.  Most  likely,  only  selected  member  stresses  will  be  of  concern 
because  (a)  the  member  lends  itself  to  stress  computations,  (b)  the  stress 
parameter  data  are  available,  and  (c)  it  is  important  to  monitor  the  element 
response  to  yield.  In  this  situation,  the  user  can  input  stress  parameter 
data  as  accurately  as  it  is  known  for  the  elements  of  concern  and  request  a 
summary  print  and  plot  of  these  data.  For  the  other  elements  zero  values 
will  produce  meaningless  stress  ratios  but  will  not  disrupt  the  analysis. 

Since  these  data  can  be  suppressed,  the  user  will  obtain  only  the  data  that  is 
desired. 

Stress  equations  and  criteria  are  described  in  the  KRASH  User's  Manual, 
Reference  1.  The  user  is  cautioned  to  be  aware  that  the  stress  data  should 
be  interpreted  only  as  an  indication  of  the  occurrence  of  plastic  deformation, 
and  should  not  be  used  as  an  absolute  measure  of  stress.  In  selecting  a 
member  to  monitor  for  stresses,  the  user  should  attempt  to  apply  the  stress 
ratio  to  those  members  that  have  been  represented  as  close  to  the  actual 
structure  as  possible.  The  more  gross  the  representation  of  a  structural 
region  that  is  being  approximated  in  KRASH,  the  less  accurate  the  stress 
values  and  the  interpretation  of  the  data.  Failure  of  an  element  due  to 
instability  (buckling)  can  also  be  monitored  with  the  stress  calculations. 
Tubular  mounts  under  axial  loading  are  susceptible  to  this  type  of  failure. 

The  user  should  recognize  that  once  an  element  has  yielded,  the  failure 
theories  are  invalid  and,  consequently,  the  most  meaningful  use  of  the  stress 
data  is  to  identify  which  elements  may  fail  and  when  such  failures  may  occur. 
These  data  are  to  be  reviewed  with  an  eye  toward  assessing  the  validity  of 
the  results.  Stress  terms  do  not  include  the  effect  of  stress  concentrations, 
unique  geometrical  shapes,  and  detail  attachment  practices  at  Joints.  In 
addition,  the  user  will  rarely  have  an  opportunity  to  validate  stress  results. 
In  practice,  it  is  very  difficult  to  interpret  measured  stress  data  (from 
strain  gages)  wherein  large  deformations  occur.  Most  of  the  strain  gage  data 
is  valid  for  linear  responses  and  is  an  indication  of  local  behavior. 
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KRASH  has  routines  which  define  the  occurrence  of  a  volume  being  pene¬ 
trated  and  the  approximate  change  in  volume.  The  volume  penetration  calcula¬ 
tion  is  limited  to  noting  when  such  an  occurrence  takes  place.  The  user  can 
obtain  the  velocities  and  masses  involved  and  perform  additional  analysis  if 
he  sc  chooses.  KRASH,  at  present,  does  not  attempt  to  analyze  this  situation 
any  further.  This  feature  can  only  be  used  to  detect  when  a  heavy  mass 
located  near  occupiable  volume,  in  failing,  could  cause  a  potential  hazard  to 
people  in  an  occupiable  region.  The  second  volume  routine  provides  a  first 
order  approximation  of  the  volume  change  in  one  or  more  selected  regions. 

Volume  Penetration  and  Change  computations  are  described  in  the  KRASH  User's 
Manual,  Reference  1. 

4. 1C  DYNAMIC  RESPONSE  INDEX  (DRI) 

The  DRI  represents  one  measure  of  injury  severity.  It  is  only  valid  for 
evaluating  the  potential  of  a  spinal  vertical  compression  injury.  It  is  easy 
to  model  in  KRASH  and  as  a  matter  of  course  should  be  included  in  every  model 
wherein  occupants  are  included.  It  only  adds  one  mass  and  one  member  to  the 
structural  model  which  is  an  insignificant  cost.  Where  high  sink  rates  are 
involved,  it  will  provide  a  useful  evaluation  of  the  effect  of  impact 
severity  for  one  type  of  injury  (vertebrae  compression).  The  user  needs  to 
specify  appropriate  mass  location  of  the  DRI.  The  program  computes  the 
appropriate  damping  coefficients  and  the  stiffness  for  the  DRI  beam.  The 
proper  distribution  of  mass  between  occupant  and  seat  is  noted  in 
Section  1.3.12  of  Volume  I.  Normally  one  distributes  the  occupant's  mass  as 
44  percent  (upper  torso)  for  the  DRI  mass,  44  percent  (lower  torso)  for  the 
seat  and  12  percent  (lower  limbs)  for  the  floor.  For  predominantly  longitudinal 
impacts,  the  DRI  will  be  of  little  value.  If  a  harness  is  employed,  it  is 
possible  for  the  user  to  approximate  its  restraining  effects  with  a  member 
from  the  occupant  to  structure.  KRASH  has  the  capability  to  define  tension- 
only  members  which  can  be  used  to  represent  harnesses  and/or  seat  belts. 

However,  at  present,  occupant-restraint  systems  should  be  used  for  evaluating 
occupant  motion.  Reference  8  (Figure  1-12)  provides  a  set  of  data  from  which 
the  probability  of  spinal  injury  is  related  to  DRI  values. 


4.11  STRUCTURAL  REPRESENTATIONS 


The  development  of  a  mathematical  model  which  is  capable  of  predicting 
the  dynamic  response  of  structure  and  occupants  for  light  fixed-wing  airplanes 
during  severe,  yet  survivable,  accidents  requires  that  consideration  be  given 
to  those  conditions  that  influence  the  manner  in  which  the  structure  containing 
habitable  space  deforms  and  the  forces  that  are  imposed  on  the  occupant  from 
the  response  of  the  airplane  structure  and/or  the  occupant's  motion  relative 
to  hardware  that  he  may  impact.  Examples  of  airplane  configuration  design 
characteristics  that  potentially  influence  the  load  pulse  imparted  to  the  seat 
during  a  crash  are: 

•  Location  of  the  wing  relative  to  the  cabin  and  occupant  position. 

•  Location  of  engine,  or  engines,  with  respect  to  the  cabin;  wing 
mounted  (high  or  low),  forward  or  aft. 

•  Seat  design  and  location. 

•  Type  and  location  of  landing  gear;  fixed  or  retractable. 

The  loads  imposed  on  the  airframe  and  the  occupants  are  a  function  of 
airplane  usage,  structural  design,  and  location  and  attachment  of  major 
masses.  In  Reference  2a  comprehensive  discussion  of  airplane  configurations, 
usage,  accident  conditions  and  the  consequence  to  the  occupants  of  accidents 
is  presented.  This  section  of  the  KRASH  manual  discusses  the  types  of  struc¬ 
tures  and  the  manner  in  which  modeling  data  is  obtained. 

Table  4-7  identifies  the  general  structural  design  characteristics  of  the 
major  airframe  regions  such  as  the  wing,  fuselage,  engine  attachments,  land¬ 
ing  gear,  and  empennage  associated  with  different  categories  of  airplanes. 

(The  categories  shown  in  Table  4-7  are  defined  in  Reference  l).  Typical 
structure  in  each  of  the  regions  is  briefly  discussed  in  the  following  sub¬ 
sections.  Since  there  are  many  variations  in  detail  design  from  manufacturer 
to  manufacturer,  the  following  discussion  is  limited  to  sample  examples  and  is 
not  all  inclusive.  However,  it  is  felt  that  the  approaches  noted  are  appli¬ 
cable  to  a  broad  spectrum  of  structural  designs. 
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TABLE  N-7. 


STRUCTURAL  DESIGN  CHARACTERISTICS  OF  CURRENT 
GENERAL  AVIATION  AIRPLANES 


Structure 

Category  1 

Single- Biglne , 

Low  Or  High- Wing, 
Welght<  2500  lb. 

Category  2 
Single-Biglne , 

Low  or  High-Wing, 
Weight  2500-1*000  lb. 

Category  3,  Slngle- 
Ehgine,  Low-Wing,  (a) 
Agricultural  Use  Only, 
Weight  2500-1*000  lb. 

Category  1* 

TWln-Ehglne , 

Lov  or  High-Wing, 

Weight  U00O-109OO  lb. 

Wing 

0  Braced  Wing 

1,2  or  3  spar, 
mostly  metal, 
some  wood  spars 

o  Cantilever 

1,2  or  3  »P«r, 
mostly  metal , 
some  wood  spars 

0  Cantilever  1,2 
or  3  spar  mostly 
metal ,  some  wood 
spars 

0  Braced  1  or  2  spar 
metal  construction 

0  Cantilever  1,2  or  3 
spar,  mostly  metal, 
some  wood  spars 

0  One  braced,  all  metal 

Fuselage 

0  All-metal  seml- 
monocoque 

0  Bactangular 
section  velded 
steel  tube 

0  Keel  formed  by 
floor  and  lower 
sklr.  (cabin), 
seml-monocoque 
(rear) 

0  All-metal  semi- 
monocoque 

0  Weld  steel  tube 

0  Velded  steel  tube 
(cabin),  semi- 
monocoque  (rear) 

0  Rectangular  section 
welded  steel  tube 

0  Welded  steel  tube 
(cabin),  semi- 
monocoque  (rear) 

0  Long  nose  section 

0  Isolated  occupant 
region 

0  Strong  turnover 
structure 

0  All-mstal  semi- 
mono  coque 

Engine 

Attachment 

0  Tubular 

0  Tubular 

0  Keel 

0  Tubular 

0  Tubular 

0  Keel 

Landing 

Gear 

0  Tall  wheel 

0  Tricycle 

0  Cantilever 
spring  main 
gears 

0  Non re tractable 

* 

0  Tall  wheel  retrac¬ 
table 

0  Tricycle  retrac¬ 
table  and  nonre- 
tractable 

a  Cantilever  spring 
main  gears 

0  Hydrau1  leal1 y 
activated  system 

0  Tall  wheel  type 

0  Nonretractable 

0  Cantilever  spring 
main  gears 

0  Mostly  tricycle 
retractable 

o  Some  nonretract¬ 
able  with  cantilever 
spring  main  gears 

0  Hydraulic  or  electro¬ 
mechanical  actuated 

system 

Tall 

VH  It 

0  Cantilever 
all-metal 

0  Velded  steel 
tube  and  chan¬ 
nel  with  fabric 
covering 

0  Cantilever  all- 
metal 

0  Welded  steel  tube 

0  Cantilever  all- 

metal 

o  Cantilever  all 
metal 

(a)  With  th 

a  exception  of  one  biplane 
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Landing  Gears 


Cantilever  spring  gears  are  very  commonplace  for  the  lighter  (*  1*000  lbs.) 
airplanes.  A  typical  main  landing  gear  arrangement  is  shown  in  Figure  L-Cf. 

The  landing  gear  attaches  to  the  main  tire  at  the  axle.  The  tire  is  modeled 
as  a  mass  and  an  external  spring  in  KRASH.  The  load-deflection  characteris¬ 
tics  of  the  tire  are  obtained  from  standard  tire  data.  The  main  gear  itself 
is  modeled  as  an  internal  beam.  Based  on  a  typical  cross  section,  the  beam 
properties  are  computed.  Since  in  the  linear  region  a  constant  set  of  area 
and  area  moment  of  inertia  terms  are  used,  the  user  should  select  a  section 
which  'on  the  average'  will  represent  the  behavior  of  the  element.  Experience 
has  shown  that  the  type  of  spring  shown  in  the  figure  remains  linear  for  as 
much  as  l6  inches  of  stroke.  In  fact,  failures  that  occur  usually  occur  at  the 
attachment  of  the  gear  to  the  fuselage  structure.  Load-deflection  data  from 
normally  planned  tests  to  show  design  load  capability  can  be  used  to  supple¬ 
ment  analysis  for  this  particular  element.  Since  the  bolt  attachment  to  the 
fuselage  could  prove  to  be  the  weakest  link  in  this  system,  the  user  is 
advised  to  include  another  internal  member  between  the  landing  gear  and 
fuselage  with  characteristics  exhibiting  abrupt  failure  when  the  load 
capability  is  exceeded  in  either  of  the  three  directions  (x  y,  z). 

A  nose  landing  gear  is  shown  in  Figure  U-23.  The  gear  attaches  to  the  firewall 
with  two  supports,  upper  and  lower,  as  shown  in  Figure  U-2L.  The  user  can 
model  this  structure  as  shown  below: 
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REPRESENTATION 

tire 

nose  gear  lower  structure 
nose  gear  upper  structure 
firewall  structure 
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Figure  4-24.  Nose  Gear  Upper  and  Lover  Support  Structure 


REPRESENTATION 

nose  gear  from  tire  to  trunnion 
nose  gear  upper  support 
nose  gear  lower  support 
firewall  region  between  supports 


In  analyzing  the  structure  the  user  can  determine  the 

area  in  the  system  for  different  directional  forces. 

fore-aft  load  the  potential  weakest  areas  are: 

potentially  weakest 

For  example,  with  a 

(a) 

upper  bolt  tension 

(b) 

lower  mount  bolt  bearing 

(c) 

upper  bolt  shear 

ar.i  with  a  vertical  load  the  potential  weakest  areas  are: 

(a)  lower  mount  rivet  shear 

(b)  upper  mount  rivet  shear 

(c)  upper  mount  bolt  shear 

(d)  lower  mount  bolt  shear 

(e)  ring  bolt  3hear 

tf)  upper  bolt  shear 

(g)  upper  bolt  bearing 

With  these  data,  the  user  can  then  model  members  .'-1  and  with  rupture 
failure  loads  or  deflections  (based  on  element  stiffnesses).  When  these 
loads  or  deflections  are  reached  the  support  structure  will  fail  allowing  the 
r.ose  gear  to  rotate  and  the  rest  of  the  structure  to  absorb  energy. 

N’ose  gear  modeling  generally  is  not  important  from  the  standpoint  of 
energy  that  is  absorbed  at  initial  impact  or  to  failure.  As  a  rule,  the  nose 
gear  fails  with  little  or  no  significant  amount  of  energy  taken  out  of  the 
system.  However,  it  is  important  to  model  the  manner  in  which  the  member  fail 
inasmuch  as  it  effects  the  subsequent  events.  For  example,  in  a  nose  down 
impact  with  a  steep  impact  angle  (0^  the  gear  will  most  likely  fail  such  that 
it  would  move  aft  and  fold  under  the  cabin  floor.  However,  in  a  flared 
landing  (negative  flight  path  angle  (V)  and  a  positive  0)  the  gear  can  fail 
such  that  it  would  rotate  forward.  The  user  must  recognise  that  to  model  the 
events  following  the  failure  accurately  an  equivalent  nonlinear  spring  must  be 
represented  between  the  ground  and  the  region  of  structure  wherein  the  nose 
gear  can  lodge.  As  a  first  approximation  of  load  the  user  can  use  tire 
characteristics.  The  location  and  length  of  the  equivalent  nonlinear  spring 
can  be  obtained  by  laying  out  the  geometry  of  the  vehicle  and  superimposing 
a  failed  nose  gear  position.  If  necessary,  the  load  on n  be  distributed  among 
adjacent  masses.  To  determine  the  position  (fore  or  aft)  of  the  nose  gear  the 
user  can  do  one  or  more  of  the  following: 


It -HI, 


va)  Analyze  the  loud  conditions  to  determine  type  of  failure. 

(b)  Hun  KRASH  until  a  nose  pear  fails  and  review  the  results  to 
determine  type  of  failure. 

(c)  Hun  simulated  crash  analysis  looking  at  both  alternatives  to 
determine  the  more  critical  situation. 

(d)  Provide  compression  only  members  connecting  t lie  nose  gear  to 
structure  forward  and  aft  of  the  nose  gear  where  contact  with 
structure  is  most  likely  to  occur.  The  members  can  each  have 
a  deadband  which  allows  no  load  to  be  transmitted  until  such 
time  as  contact  between  the  failed  nose  gear  and  structure  occurs. 


Another  type  of  gear  to  consider  is  the  retractable  hydraulically  actuated 
type  illustrated  in  Figure  ^-25.  The  modeling  of  the  complex  nonlinear 
behavior  of  a  conventional  air/oil  landing  gear  ami  tire  configuration 
Firure  1-25)  can  be  simplified  as  described  below.  The  landing  gear  is 
illustrated  schematically  in  Figure  l-25(a),  along  with  the  corresponding 
model  using  program  KRASH.  The  shock  strut  from  point  i  to  ,1  (trunnion  to 
axle;  is  modeled  as  an  internal  beam  in  program  KRASH,  witli  masses  concen¬ 
trated  at  i  and  J.  Mass  m,  J  represents  the  gear's  unsprung  mass,  i.e., 
the  wheel,  tire,  brake  and  piston.  Mass  includes  the  shock  strut 
cylinder  and  the  appropriate  local  vehicle  sprung  mass  that  is  concentrated 
at  i.  The  tire  is  modeled  as  an  external  spring  in  KRASH,  and  the  appro¬ 
priate  tire/ground  friction  can  be  included.  A  typical  tire  load-deflection 
curve  can  be  accurately  approximated  by  two  linear  segments.  The  standardized 
external  spring  load-deflection  curves  available  in  KRASH  have  more  than 
adequate  flexibility  to  model  the  tire.  The  air  spring  load-deflection  curve 
for  a  conventional  air/oil  landing  gear  is  of  the  general  form  shown  in 
Figure  U— 25 ( b ) .  In  equation  form,  the  gear  force  due  to  air  compression 
can  be  expressed  as 


Internal  element* 


Oear  Sketch  noJel  of  'ear 

(a)  Landing  Oear  Model  Tar  KrlASK  ' 


(b)  Landing  Gear  Loud-Deflection  Curve 

I  ^ 


Deflection,  In. 


(c)  KR  Curve  for  Landing  Gear 


Figure  h-25.  Retractable  Hydraulically  Actuated  Landing  Gear 
Representation  for  Program  KRASH 
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F  =  Gear  force  due  to  air  compression,  pounds 
v 

AO  =  Fully  extended  gear  preload,  pounds 
E  =  Effective  pneumatic  stroke,  inches 

p 

AA  =  Ambient  air  preload,  pounds 
n  =  Polytropic  exponent 
x  =  Gear  compression,  inches 


v  v 
*-  %  * 

•rear 


car. 


and  F,,  are  readily  calculated  from  the  geometric  properties  of  the 
AO  AA 

and  the  piston  extended  air  pressure.  Alternatively,  these  parameters 
ie  calculated  from  the  furnished  load-deflection  curve. 


The  KR  curve  associated  with  this  type  of  landing  gear  is  shown  in 

Figure  t*-25(c).  The  value  of  the  transition  point  X  is  chosen  small 

(0.01X  ).  By  assuming  X«  E  and  F  <<.  F  n  (normally  the  case),  the 

max  •  aa  au 

following  simplified  expression  for  KR^  is  obtained: 


KR 

o 


The  initial  linear  stiffness  is 


K 


X 


( 1-28) 


(1-29) 


and  the  expression  for  KR  as  a  function  of  X  is 


KR 


X 


(*) 
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n+1 


(1-30) 


Kv  represents  element  1,1  of  the  t>  x  ('>  stiffness  matrix  for  the  landing  rear 

an  i  the  nroauct  K,.  tire:;  KR„  represents  the  axial  load-deflection  rate.  The 
X  X 

five  direction.-,  other  than  the  axial,  would  he  treated  in  the  same  manner  as 
internal  elements  are  now  treated  in  program  KHAP1L 


Typical  aircraft  oleo  type  landing  rears  utilize  oil  flow  through  an 
orifice  to  achieve  damping.  This  process  is  best  represented  as  hydraulic 
(velocity-squared)  damping,  whereas  program  KRACH  utilizes  viscous  (linear) 
damping.  In  addition,  real  landing  gears  have  strut  friction  which  is  not 
explicitly  modeled  in  KRASH.  To  account  for  these  nonlinear  effects,  an 
equivalent  viscous  damping  constant  can  be  determined  based  on  equal  energy 
dissipation  over  one-quarter  cycle  of  sinusoidal  response.  Following  the 
procedure  described  in  Reference  6  the  resulting  equation  for  a  linear  damping 
coefficient  is: 


SC  V  1*F 

He  _ 

1  ttV 
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where 

C.  =  Equivalent  linear  damping  coefficient,  pound  -  sec/in 

L 

•~s 

Cu  =  Hydraulic  damping  coefficient,  pound  sec^/in' 

H 

Fp  =  Coulomb  or  constant  friction  force,  pound 

V  =  Equivalent  peak  velocity  of  sinusoidal  oscillation,  in/sec 

e 

For  a  crash  impact,  the  oscillation  of  interest  is  the  first  quarter 
cycle  of  response  when  the  sprung  mass  starts  at  its  peak  impact  velocity  and 
ends  up  at  zero  velocity.  Therefore,  as  a  first  order  approximation  V  can  be 
taken  as  equal  to  the  vehicle  vertical  impact,  velocity. 


.1 
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From  Reference  1.  the  damping  input  constant  required  in  KRASH  can  be 
expressed  as: 


(4-32) 


where 

=  beam  natural  frequency  (equations  1-55 (a),  1-55 (b),  Volume  I) 

The  expressions  for  K^,  KRq,  KR^  and  C  provide  the  required  input  data 
for  representing  an  approximate  axial  stiffness  and  damping  for  an  air/oil 
oleo  landing  gear. 

4.11.2  Lower  Fuselage  Structure 

During  a  crash  condition  the  crushing  characteristics  of  forward  and 
lower  fuselage  structure  generally  account  for  the  majority  of  energy  that  is 
absorbed  in  reducing  the  kinetic  energy  and  slowing  down  the  vehicle.  This 
structure  is  difficult  to  model  as  individual  elements  in  KRASH  for  several 
reasons  including: 

•  Individual  element  failure  modes  are  difficult  to  accurately 
predict  on  a  consistent  basis. 

•  Modeling  of  light  weight  stiff  structure  could  result  in  program 
instability  when  using  numerical  integration  techniques. 

•  The  large  number  of  mass  nodes  and  interconnecting  members  result 
in  an  extremely  large  model  with  an  appropriately  large  amount  of 
detailed  input  data,  and  associated  costs  to  perform  the  analysis 
and  evaluate  the  results. 

Ideally,  one  would  like  to  represent  crushable  structure  with  an  external 
spring  which  represents  the  load-deflection  behavior  of  a  substantial  segment 
of  structure.  Section  4.4  provides  a  discussion  regarding  the  use  of  external 
springs  in  KRASH.  Usually  the  prediction  of  the  energy  absorbing  capability 
of  general  substructures  requires  post- failure  analyses  characterized  by 
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ieflecticns  which  are  several  orders  of  magnitude  larger  than  the  usual  deflec- 

» 

tior.s  associated  with  the  design  loads.  Significant  advancements  have  been 
achieved  in  the  area  cf  large  deformation  nonlinear  structural  analysis  by 
computer  oriented  finite  difference  and  finite  element  methods.  Wherein 
simplified  approaches  are  sufficiently  accurate,  they  are  obviously  more 
desirable  from  a  cost  and  ease  of  application  standpoint  than  the  more  complex 
approaches.  One  such  simplified  approach  which  appears  adequate  for  deter¬ 
mining  nonlinear  load-deflection  characteristics  of  typical  crushable 
integrated  sheet  metal/stringer  type  structures  is  described  in  detail  in 
Reference  1  and  is  briefly  discussed  in  this  sulsection.  Since  the  method  has 
been  verified  with  static  and  dynamic  test  data,  it  is  of  particular  interest 
in  application  to  similar  light  fixed-wing  airplane  structure.  The  simplified 
method  described  in  Reference  1*  is  applicable  to  the  structural  segment  shown 
ir.  Figure  1-6.  The  specimen  that  was  fabricated  to  represent  the  structure  is 
shewn  in  Figure  1-5-  The  step  by  step  analytical  procedure  is: 

•  Predict  failure  loads  for  stiffened  panels 

•  Perform  post-failure  analyses  of  stiffened  panels 

•  Perform  beam  and  bottom  skin  analyses 

•  Obtain  total  substructure  load-deflection  curve 

The  procedure  takes  into  account  monolithic,  wrinkling,  and  interrivet 
failure  modes  as  noted  in  Figure  1-2 6.  The  procedure  is  applicable  to 
slenderness  ratios  (L/<£)-20.  The  procedure  is  applicable  to  a  variety  of 
panel  types  including  T-type,  formed  angle,  and  extruded  angle  stiffeners, 
hat-formed  or  extruded  Y  stiffeners  and  formed  multicorner  sections.  An 
outline  of  the  procedure,  assumptions  and  results  is  presented  in 
Reference  1.  A  typical  test  result  and  comparison  of  analysis  and  test  are 
shown  in  Figure  1-7.  Individual  subelement  load-deflection  curves  are  super¬ 
imposed  in  a  piecewise  manner  to  obtain  a  total  load-deflection  curve,  as  is 
shown  in  Figure  1-27. 
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Figure  h-26.  Various  Failure  Modes  of  Short  Riveted  Panels  (Reference 
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igure  U-27 


Predicted  Subelement  and  Total  Lcad-Deflectien  Curves 
(Reference  U) 


The  procedure  described  herein  and  in  Reference  b  indicates  one  general 
approach.  It  requires  some  modification  to  be  applicable  to  ether  structure 
(i.e.,  main  bear,  contribution  could  be  eliminated  for  different  support  condi¬ 
tions,  wherein  the  structure  doesn't  overhang),  and  other  loading  conditions. 
Analysis  of  twin-engine  low-wing  airplane  fuselage  structure  for  crashworthi¬ 
ness  (Figure  b-28)  resulted  in  the  use  of  the  above  noted  procedure  for 
developing  load-deflection  curves.  The  procedure  followed  is  outlined  as  one 
suggested  approach  using  available  techniques  and  data: 

1.  Select  a  region  of  the  lower  fuselage  to  be  represented  by  an 
external  spring. 

2.  Determine  the  depth  of  the  region  selected. 

3.  Determine  the  projected  area  in  the  ground  plane  encompassing  the 
structure  dimensions. 

b.  Compare  the  structure's  projected  area  with  that  of  either  the  6  inch 
or  12  inch  specimens  tested  in  Reference  b.  For  the  six  inch  specimen 
(Reference  b,  Figure  b3)  the  load-deflection  curves  for  the  bulkhead 
and  stiffener  components  are: 


DEFLECTION 
( INCHES ) 

BULKHEAD 

LOAD 

(LB) 

STIFFENER 

LOAD 

(LB) 

TOTAL 

(LB) 

.05 

2500. 

b000 

6500 

.10 

1100. 

12000 

13100 

.15 

900. 

9000 

9900 

.20 

800. 

7000 

7800 

.L0 

500. 

5000 

5500 

1.0 

300. 

3500 

3800 

2.0 

200. 

3000 

3200 

J 

Bulkhead  Compression  area  =  .956  in^ 

2 

Stiffeners  Compression  areas  =  3.376  in" 
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•' .  The  lnad-def lection  curve  for  the  new  structure,  nr  a  first 

approximation  is  reduced  or  increased  by  the  ratio  of  the  areas, 
fhe  restiffening  region  should  he  assumed  to  he  at  a  length  equal 
tc  SOf  f  the  total  free  1  earth. 

e.  Modify  the  load-deflect  i  11  curve  t  >>  account  for  longitudinal 

velocity  effects.  1'he  data  provided  in  Reference  it  is  based  on 
a  pure  vertical  velocity  up  to  <0  feet  second.  Limited  experience 
with  this  data  for  combined  vert  lea  1  - long i t udinal  impacts  has  shown 
that  for  mi  88  feet/second  flight  path  velocity  and  IS  decree  flight 
path  impact  angle  (vertical  velocity  -  >  feet  second)  a  correction 

factor  of  .7  is  needed  to  account  for  the  longitudinal  effects. 

Until  such  time  as.  the  combined  loading  effect  is  investigated  more 
thoroughly  it  is  suggested  that  a  linear  relationship  he  used 
between  correction  factor  and  ratio  of  longitudinal  velocity  to 
vertical  velocity. 

1.0 

CORRECTION  70 
FACTOR 


VO  2.0  3.0  4.0 

RATIO  -  LONGITUDINAL  VELOCITY 
VERTICAL  VELOCITY 

The  range  of  the  ratio  value  for  typical  crash  conditions  is 
between  1.1*  tl*1'  degrees)  to  b.T*'  (10  degrees). 

U.ll.l  Engine  Mounts 


Engine  mounts  are  generally  either  of  a  steel  tube  arrangement  type  or 
of  a  keel  type.  Figures  l*-2‘i  and  U - 30  illustrate  the  arrangements  for  each 
of  these  two  types.  The  structural  characteristics  for  the  two  arrangements 
will  differ;  and  consequently,  the  modeling  requirement  will  have  to 
satisfactorily  represent  their  behavior  if  a  reasonably  accurate  assessment 
of  the  entire  airframe  response  is  to  be  performed.  The  failure  of  the 
tubular  structure  (Figure  !*-.>))  may  likely  be  through  dynamic  instability 
which  would  occur  at  a  load  which  is  substantially  below  the  yield  stress. 
Wherein  failure  through  elastic  instability  occurs,  t  lie  load  carrying 
capability  of  the  structural  element  tends  to  decrease  rapidly  as  deflection 
increases  once  the  failure  load  has  been  reached.  The  keel  mount  arrangement 


oli 


ho  mount  st  ruc- 


shown  in  Figure  .-tO  can  be  expected  !■  behave  differently, 
ture  for  this  con  figuration  can  be  cons-  i  dered  t.  bo  an  integral  part  of  the 
fuselage,  and  as  such  the  deformation  of  t.he  structure  will  involve  crushing 
that,  will  absorb  considerable  energy  during  the  plastic  deformat  ion  associated 
with,  the  post-failure  region.  The  location  of  the  two  different  mounts 
relative  to  the  impact  region  and  terrain  will  also  have  an  influence  on  the 
loading  that  each  of  the  structures  will  be  exposed  to. 

Modeling  of  the  tubular  mount  arrangement  is  straightforward  in  KKARH 

with  the  application  of  massless  nodes.  Faoh  tube  can  be  modeled  as  an 

internal  boon  with  the  area  properties  easily  obtained  for  tubular  sections. 

For  this  type  of  member  the  user  need  only  input  area  moments  of  inertia  about 

the  v  and  r.  axis  ami  a  J  =  0.0.  The  torsional  stiffness  factor  (.'  '  is  then 

x  x 

computed  in  KRARIi  as  the  sum  of  I  +  1..  Figure  It-lR  shows  a  typical  tubular 
mount  arrangement. .  Figure  lt-.ll  illustrates  another  tubular  mount  arrangement 
(engine  r.ot  shown)  representation  in  KKAi'H.  Area  properties  (area,  inertia 
about  Y  and  Z.  axis,  material)  are  needed  for  members  A-l,  b-.',  0-1,  0-1,  P-.' 
and  D— U .  Points  1,  0,  3  and  it  are  massless  nodes  and  are  connected  rigidly 
in  KRASH  to  the  mass  of  engine  which  is  normally  located  at  the  engine  eg. 
Buckling  loads  and  deflections  computed  in  KRAi'dl  and  printed  in  the  Model 
Parameter  Data  can  be  used  as  an  estimate  of  the  point  at  which  nonlinear 
behavior  occurs.  The  post-failure  characteristics  of  the  beam  can  be 
represented  with  NF  =  8  or  9  type  curves  (see  Figure  h-17).  If  a  type  i> 
curve  is  used  the  user  has  to  identify  at  what  deflection  the  mount  and 
supporting  structure  will  act  as  a  restiffened  spring.  Generally  resti ffeni r.g 
will  occur  when  the  mount  has  been  substantially  distorted  or  when  the  engine 
block  contacts  the  firewall  or  protrusion  from  the  firewall  ii.e.  generator, 
battery).  The  designer  can  review  the  geometry  of  the  engine,  its  attachments 
and  the  firewall  to  ascertain  where  restiffening  occurs. 

The  modeling  of  a  keel  type  arrangement  can  be  treated  in  one  of  two 
ways.  The  keel  structure  can  be  considered  to  act  as  an  external  spring  which 
then  exerts  a  force  on  t.he  engine  and  firewall  as  it  crushes.  The  character¬ 
istics  of  the  structure  can  be  estimated  from  t.he  procedures  described  in 
the  preceding  section.  Tf  t.he  keel  is  to  be  represented  as  an  internal  beam 
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(A)  ARRANGEMENT 


POINTS  1-4  ARE  MASSLESS  NODES 

POINTS  A,  B,  C.  D  ARE  MASS  ATTACH  POINTS  AT 
FIREWALL 

Figure  L-31.  Engine  Tubular  Mount  Model 


then  u  NP  =  5  type  curve  would  be  most  representative  since  a  relatively  large 
amount  of  crushing  could  be  anticipate:.  The  nonlineai  deflection  car.  be 
estimated  from  the  preliminary  uncoupled  valuer,  computed  in  KRAPli.  For  the 
axial  direction  the  yield  deflections  are  reasonably  close  to  actual. 

1* .  11.1*  Occupant-Seat-Floor  Modeling 

A  major  consideration  in  the  development  of  an  analytical  model  of  a 
crash  is  to  be  able  to  provide  accurate  floor  acceleration  pulses  which  can 
be  used  (a)  for  evaluating  seat  systo-  crashworthiness  capability  by  test  or 
analysis  or,  (b)  ns  input  excitation  to  a  comprehensive  analytical  repre¬ 
sentation  of  the  occupant  wherein  coupled  occupant-seat-airframe  modeling, 
requirements  are  impractical.  The  manner  in  which  the  coupled  occupant-seat 
system  and  the  floor  are  modeled  in  KKASli  will  influence  the  response  that 
is  obtained  at  the  floor  mass.  Three  different  floor-seat-occupant  repre¬ 
sentations  are  shown  in  Figure  1*-V(a),  (b)  uiui  (c). 

The  models  represent: 

•  The  floor,  seat  pan,  and  occupant  masses  modeled  in  a  series 
representation.  The  occupant  mass  is  distributed  UU  percent  with 
the  occupant,  Mi  percent  with  the  seat  and  12  percent  with  the 
floor  (Reference  11).  The  seat  support  weight  is  divided  between 
seat  pan  and  floor. 

•  The  floor  modeled  in  series  with  the  occupant  and  seat  masses, 
lumped  as  one  mass. 

MAN 


Figure  --32.  Occupant-. 'ea* -A i r frame  Modeling  Technique 
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•  The  masses  of  the  occupant ,  seat,  and  floor  lumped  as  one  mass. 

Ir.  all  three  cases  shown  the  portion  of  the  floor  mass  associated 
with  the  region  wherein  the  seat  is  supported  is  shown. 

The  results  shown  in  Table  4-8  indicate  that,  if  t,he  entire  seat /man 
dynamic  system  is  not  modeled,  but  seat /man  weights  are  lumped  only  at  the 
floor,  the  resulting  floor  response  is  lB  percent  lower  than  the  response 

obtained  by  properly  representing  the  dynamic  behavior  of  the  seat/man 
systems.  These  results  indicate  that  case  (a)  is  most  desirable,  but  that, 

as  a  minimum,  the  occupant  and  seat  should  be  lumped  together  and  separated 
from  the  floor  by  a  spring  representing  the  seat  structure  (case  b).  The 
resulting  analytical  floor  accelerations  should  be  appropriate  to  use  as  an 
input  pulse  to  a  more  elaborate  seat/occupant  response  model. 

Use  of  massless  modes  facilitates  the  modeling  of  seats.  A  typical 
seat  configuration  (Figure  4-19)  can  be  modeled  as  shown  in  Figure  4-21. 

The  seat  and  lower  torso  mass  can  be  lumped  together.  The  floor  mass  can 
be  distributed  at  the  intersections  of  the  seat  legs  with  the  floor. 

TABLE  4-5.  COMPARISON  OF  RESULTS  USING  DIFFERENT  OCCUPANT-SEAT -AIRFRAME 
MODELING  TECHNIQUES 


MODELING  CONFIGURATION 

FLOOR  PEAK 
ACCELERATION  (G) 

PERCENT 

VARIATION 

(a)  floor,  seat  pan  and  occupant 
connected  in  series 

58.8 

— 

(fc)  occupant  and  seat  pan  lumped 
together  and  connected  in 
series  to  the  floor 

55.2 

-6.2 

(c)  occupant,  seat  pan  and  floor 
all  lumped  together  (no 
seat/man  modeled) 

48.3 

-18.0 

U . 11.5  Cabin  Structure 


Figures  3 3  and  U-3U  show  the  two  different  types  of  fuselage  structure 

normally  encountered  in  general  aviation  airplane  structure.  Figure  it- 33 

represents  the  welded  tubular  arrangement.  Figure  U  —  3^*  shows  the  semi-monoeoque 

arrangement.  The  welded  tubular  structure  can  be  modeled  almost  directly 

since  each  tubular  element  can  be  represented  as  a  beam  witli  area  properties 

that  are  directly  obtainable  from  available  data  (geometry,  sir.e,  material, 

fixity).  Figure  1-35  illustrates  the  KRAS11  representation  of  the  welded  tube 

fuselage  shown  in  Figure  1-33.  The  truss  arrangements  for  fuseluge  underside 

and  cabin  top  (not  shown  in  Figure  1-15)  are  represented  in  KRAFli  with  external 

springs  so  that  potential  contuct  witli  the  ground  is  accounted  for.  The  semi- 

monocoque  construction  typical  of  the  fuselage  shown  in  Figure  l-3l  requires 

that  the  KRASH  model  represents  some  reasonably  large  sections  of  structure  by 

bear,  elements.  Figure  1-36  illustrates  (lie  KRAfil  model  representation  where 

element  1-5  is  the  aft  door  post,  elements  6-7  and  7-8  represent  the  front 

doorpost  and  elements  6-9  and  7-10  represent  the  forward  fuselage  lower  and 

upper  stringers.  Figure  1-37  shows  the  detail  for  the  various  cross  sections. 

For  each  section  the  member  in  Figure  l-3l  that,  is  represented  is  identified. 

The  user  is  required  to  input  the  following  element  properties  for  each  beam: 

cross  section  area  (A),  area  moments  of  inertia  (I  ,  I  ,  J  )  materia]  code, 

y  •  x 

and  stress  parameters  (XIQ,  21,  22)  (see  Section  2.1).  The  latter  three 
terms  only  have  significance  if  the  user  desires  to  monitor  stresses.  Wherein 
stress  is  not  a  factor  in  the  analysis,  it  is  suggested  that  the  XIQ,  21,  and 
22  values  for  such  beams  be  input  as  1.0.  Wherein  no  stress  calculations  are 
needed,  the  user  can  elect  to  completely  bypass  the  stress  terms  by  the  use  of 
one  control  card  (Section  2,1).  Whenever  a  bean  element,  is  used  to  represent 
complex  structure,  the  user  is  advised  to  compute  the  overall  axial,  bending 
and  torsional  properties  of  the  complete  structural  section,  and  assign 
comparable  values  to  the  model  representation.  This  can  be  of  particular 
importance  in  establishing  the  proper  torsional  (J  )  properties.  Figure  It- <8 
illustrates  the  forward  door  post  arrangement  for  the  vehicle  model  shown  in 
Figure  4-3b.  The  details  of  the  cross  sections  are  shown  in  Figure  14-39. 
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SECTION  OD 

(A)  LANDING  GEAR  BULKHEAD 


SECTION  AA 
(B)  FIREWALL 


UPPER  DOOR  JAM 

SECTION  EE  SECTION  CC 

IE)  UPPER  CABIN  AREA  ID)  LOWER  ENGINE  MOUNT  STRINGER 


Figure  l*-37 


Fuselage  Structure  Cross  Sections 


SECTION  AA 

(A)  FORWARD  DOOR  POST 


SECTION  BB 

IB)  FORWARD  FLOOR  BULKHEAD 
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SECTION  CC 

(Cl  FRONT  AND  REAR  CARRY 
THRU  STRUCTURE 


Fipure  forward  Door  Post.,  Forward  Floor  Bulkhead  and 

Carry  Thru  Ftrurture  Cross  ((rot.  ion; 


When  modeling  failure  characteristics  of  structure,  particular  concern  should 
be  paid  to  the  details  of  the  attachments.  Failure  loads  and  post-failure 
characteristics  can,  in  many  instunces,  be  directly  related  to  strength  and 
design  conditions.  Generally,  as  can  be  noted  in  Figures  h- <8  and  U -39,  a 
typical  cross  section  is  modeled  in  KKAGH.  In  the  case  of  the  door  post 
shovr.  in  Figure  U — 3 8 ,  there  is  a  wide  variation  in  cross  section  from  the  top 
t*  the  botten.  The  user  should  select  an  average  cross  section  between  the 
minimum  and  the  maximum. 

In  some  instances  it  may  be  appropriate  for  the  user  to  vary  the  modeling 
of  a  structure  or  region  to  ascertain  the  margins  that  are  available.  To  a 
large  extent,  the  manner  in  which  the  user  will  establish  the  math  model 
will  depend  on  the  purpose  for  which  the  analysis  is  being  performed. 

b.11.6  Wing  and  Attachment 

Figure  U-ho  shows  a  typical  two  spar  wing  arrangement  along  with  the 
cross  section  and  end  attachments .  'i'he  wing  section  members  are  identified 
in  Figure  h-36.  The  wing  strut  structure  attachments  are  shown  in  detail 
in  Figure  1*— 1*1 .  A  typical  wing  strut  cross-sectional  property  data  tabulation 
is  shown  in  Figure  h-hc\  All  the  information  presented  in  Figures  h— 1* 0 ,  I4-I4I, 
U— 1*H  should  be  readily  available  general  aviation  airplane  data.  The  cross- 
sectional  properties  of  the  wing  along  its  axis,  in  bending  and/or  torsion, 
can  be  obtained  from  one  of  the  following  sources: 

•  computation  of  FI  ,  El  ,  GJ  along,  the  wing,  axis 

y  z 

•  determined  from  wing  natural  frequencies 

•  available  from  flutter  analysis 

e  available  from  qualification  testing. 

The  user  is  cautioned,  as  in  the  representation  of  fuselage  structure, 
to  make  sure  that  tiie  overall  properties  of  the  wing  are  accounted  for  in  the 
bear,  element  representations.  The  strut  is  easily  represented  as  a  pinned- 
pinned  beam  in  KRASH  connecting  the  wing  to  the  fuselage.  The  properties  of 
the  strut  are  well  defined.  The  end  attachment  of  the  wing  at  its  root 
connecting  to  the  fuselage  is  a  pinned- fixed  element  (Section  2.1). 


Figure  Vim*  Structure.  Cross  Sect, ion  nnC  Attachments 


FUSELAGE  ATTACHMENT  WING  ATTACHMENT 

(A)  WING  STRUT 


(B)  WING  STRUT  CROSS  SECTION 


Figure  h-h2.  Hiph-Winp  Airplane  Winp  Strut  Structure 
Attachment  and  Cross  Section 
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.  11 . 7  Aft  Fusel  ape 


'I’ll  1  1  Cone 


and  Tail  lit  rue  t.  lire 


In  general ,  structure  located  at’t  of  the  cabin  region  has  little  bearing, 
on  the  occupant's  chances  of  surviving  a  crash .  Typical ly  the  tailcone  will 
fail  or  yiel i  at  i^s  attachment  to  the  rear  bulkhead.  The  failure  of  this 
structure  is  not  expected  to  result  in  excessive  accelerations  being  trans¬ 
mitted  to  the  occupants,  to  prevent  egress  after  the  crash,  or  to  reduce 
significantly  the  occupiable  volume.  Consequently,  modeling  of  this  structure 
cai’.  be  more  approximate  than  for  other  regions.  Typical  structure  for  the 
aft  fuselage,  tail  cone,  and  tail  structure  are  shown  in  Figures  lt-U-1,  it-kli 
and  l*-k5,  respecti vely .  Figures  U-U6  and  U— UT  show  some  cross  section 
details  of  the  aft  fuselage  structure  (Figure  ^-kl).  For  the  structure 
from  the  aft  door  post  to  the  aft  fuselage  bulkhead  (F.P.  60-  F.S.  os. 

Figure  h — U 3 ) >  the  user  can  approximate  the  structure  with  the  cross  sections 
shovr.  in  Figures  lt-k6  and  k-lCf.  However,  in  selecting  area  properties 
consideration,  once  again,  should  be  given  to  representing  the  overall  iixial , 
bending  and  torsional  behavior  of  a  region.  For  example,  with  the  use  of 
Table  k-6,  a  torsional  constant  can  be  selected  for  the  entire  cross  section 
at  a  given  fuselage  station.  For  example,  the  torsional  factor  for  the  aft 
door  post  at  F.S.  60  can  be  approximated  using  case  11  in  Table  k-6.  The 
actual  representation  of  the  aft  door  post  will  be  four  beam  elements.  Thus, 
the  user  will  have  to  moke  sure  that  the  total  torsional  rigidity  for  the 
complete  section  is  accounted  for  witli  the  four  beams.  This  is  easily  con¬ 
trolled  with  the  input  parameter,  J^.  Bending  capability  can  be  treated  in 
the  manner  in  which  I  and  I  values  are  selected. 


For  the  tail  cone  and  tail  section  it  is  suggested  that  a  plot  of  AE, 
El  ,  El  ,  GJ  versus  length  (tailcone),  versus  height  (vertical  tail),  and 

y  2 

versus  lateral  distance  (horizontal  tail)  be  computed. 


Generally 
one  mass  point 
tail  section, 
the  total  mass 
and  location. 


the  stiffness  of  the  horizontal  tail  is  not  needed  since 
along  the  airplane  centerline  can  represent  the  complete 
However  if  the  vertical  and  horizontal  tails  are  combined 
should  be  properly  represented  with  regard  to  inertias 
The  beam  members  representing  these  sections  should 
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Figure  U-UU.  Fuselage  Tail  Cone,  Cross  Section  anC.  Attachments 
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Figure  U-l*6.  Aft  Fuselage  Structure  Cross  Sections 
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Figure  U-Uj .  Tail  Cone  and  F.S.  95  Bulkhead  Structure  Cross  Sections 


k-87 


then  contain  the  overall  characteristic  an  average  section.  For  e\a::  :• '  e , 

the  axial  capability  can  be  shared  I;  «.*  •!:  n  <  :  :  er  in  prepert  ion  l.  t  lie 
cross-sectional  area  associated  with  t  r<  .['<•, -give  members .  :'imi  1  ar  ly  ,  the 
overall  bending  and  torsional  propert  na;  rmisi  be  represented. 

1.10  TERRAIN 

A  KRASH  user  can  analyze  a  crash  onto  a  surface  which  makes  an  angle  with 
the  horizontal  of  up  to  90  degree.  .  the  surface  can  be  rigid  (concrete)  or 
flexible  (soil).  The  airplane  rep  re. --ntei  by  the  math  model  can  be  positioned 
relative  to  the  surface  with  the  pr>  i  input  data  selection,  or,  if  the  user 
chooses,  the  program  will  automatically  :  sit  ion  the  vehicle  in  the  proper 
attitude  relative  to  the  surface  using  the  existing  spiring  input  data.  The 
generalized  impact  surface  requires  only  >ne  additional  input  term,  the  angle 
of  the  slope.  In  Volume  I,  Section  1.3.15.  "Initial  Conditions",  the  back¬ 
ground  applicable  to  the  use  of  the  generalized  surface  feature,  as  well  as 
how  the  airplane  positioning  relative  to  the  ground  is  determined,  are  pro¬ 
vided.  The  flexible  surface  requires  a  ground  flexibility  input  for  each 
external  spring.  The  following  procedure  is  recommended  for  utilizing  the 
flexible  ground  feature: 

1.  Determine  the  approximate  California  Rearing  Ratio  (CBR)  value  of 
the  terrain  wherein  impact  occurs.  The  data  in  Reference  1 
Appendix  B  provides  a  summery  and  evaluation  of  applicable 
literature  containing  background  data  for  soils.  Generally  the 
range  of  CBR  values  wouli:  be  0.0  to  5.0.  Until  further  data  is 
evaluated  a  CBR  of  1  is  recommended . 

2.  Assume  that  the  pressure  acting  on  the  airplane  structure  in  contact 
with  the  ground  is  related  to  the  average  CBR  value  of  the  ground 

ir.  the  impact  area  using  t.  e  curve  shown  in  Figure  1-18.  The  data 
ir.  Figure  1-1*8  is  based  on  tests  involving  Buckshot  Clay.  Of 
importance  is  that  the  curve  relates  pressure  to  CBR  value.  Based 
or.  a  CBR  of  1.0  the  pressure  is  136  psi . 

3.  Estimate  the  maximum  area  of  anticipated  structure  penetration 
based  on  the  geometry  of  the  structure  in  the  region  of  contact. 

1*.  Determine  an  average  force  by  multiplying  the  pressure  by  the  area 
and  dividing  by  two. 
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CBR -  PERCENT 


Figure  4-1*8.  Relationship  of  Airfield  Cone  Penetrat  ion  Resistance  to 
CBR  on  Buckshot  Clay  (Reference  13) 


5.  Obtain  an  initial  trial  r  unri  flexibility  i  v  tiviaing  i  -tir.n:ei 
ground  penetration  by  the  avev  -o  force.  Input  the  re  -.,  t  .ant 
flexibility  (in/3!  ),  i rit.* >  (lie  pr  rrnn. 

6.  .'elect  a  g r  und  >'  efficie  1  of  l'ri'-t  i <  m  for  a  flexible  ('.round 
analysis.  .'he  gr  and  •  ■xiTioient  of  friction  should  be  between 
1.0  and  1.5.  Normally  fir  impacts  on  concrete  surface  the  ground 
coefficient  cf  friction  is  taken  as  JiO. 

C  "pare  the  initial  computer  results  with  regard  to  computed 
ground  penetration  versa:-,  estimated  ground  penetration  (step  5). 
Revise  ground  flexibility  accordingly  and  reanalyze  the  crash 
condition. 

6.  For  tire  impacts  into  flexible  ground  more  extensive  effort  has 
been  performed..  The  Literature  Survey  and  Evaluation  presented 
in  Reference  1,  Appendix  b,  contains  several  reports  wiiich  relate 
tire  parameters  to  mobility  number.  This  number  in  turn  can  be 
used  to  determine  pressure  and  (wound  penetration. 

U.  13  PLOWING  EFFECT 

If  there  were  no  changes  in  the  airplane  mass  during  an  impact,  the 
reduction  in  airplane  kinetic  energy  would  be  equal  to  the  energy  absorbed 
by  deformation  of  the  contact  surface  and  structure  where: 

2  2 

Vo  "  Vf 

MA  X - 2 -  =  UG  +  US 


M  =  airplane  mass 
A 

V  =  initial,  final  airplane  velocity 
^  »  - 

U_  =  energy  dissipated  in  soil  deformation  and  ground  friction 
G 

U  =  energy  dissipated  in  structural  deformation 

The  energy  dissipated  in  structural  deformation  consists  of  collapse 

of  structure  forward  of  the  cabin  and  deformation  of  the  cabin  and  other 

structure.  Consequently,  the  amount  of  energy  absorbed  by  the  contact  surface 

(U_ )  can  influence  the  amount  of  energy  needed  to  be  absorbed  by  airframe 
G 

deformation.  Scooping  of  earth  is  also  important  because,  as  the  effective 
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vh«  K  =  !'  eiirt. h  V.  airplane  in  the  ratio  ol*  the  earth  mass  scooped  up  to  t  h< 

>ii,-t  ir.*‘  r.ar.  .  Vi-  the  airplane  t’orwar.l  velooitj  an.l  At  i  •;  the  tiro  porio, 

over  with  F  it...  K  and  At  are  input  court  ants .  K  in  applied 

scoop  -troop 

lira  My  t<  one  or  r.ore  specified  1  umpe.i  marser  us  an  additional  external 
fore- .  The  energ,\  bu.anee  equations  are  modified  to  include  the  energy  due 
t  F  __  a  -ting  on  the  airplane. 

mt:  Mid;  n-h-ii-'M:' 

The  major  types  of  problem:,  t tint,  a  user  of  KKAt'li  can  encounter  are 
the  occurrence  of  negative  strain,  energy  growth  1 1 1->  n  untolerable  level' 
and  instability. 


Negative  strain  oner  pa,-  can 
lea  ie fleet  ion  character i rt  icr 
r.er.lerr  have  started  to  unload, 
pet.erally  provide  the  necessary 
pro! len. 


occur  Hiring  the  analysis  when  member 
liave  reached  the  nonlinear  rep.ion  and  or  the 
Review  of  the  energy  output  summary  will 
inf-  rrat  i  or.  to  uet.ect  t  ho  source  of  this 


Modeling  of  soft  structure  can  t  -suit  in  the  development  of  negative 
stra'n  if  the  user  forgets  that  internal  elements  unload  along  a  slope  with 
PR  =  1.  This  means  that,  when  one  uses  a  nonstandard  nonlinear  curve 
(15  •  HP  -  10),  the  loading  and  unloading  sequence  wi 11  be  as  shown  in 
Figure  U-5C(a).  negative  strain  energy  will  occur  (cross-hatched  region  in 
Figure  l»-r.o(a)),  since  the  unloading  slope  is  equal  to  the  initial  loading 
r.  lope  because  the  internal  codin  -  in  K'R  \bli  establishes  t  lie  unloading  KK  as 
equal  to  a  value  of  one.  To  avoi  i  this  source  of  error  the  user  should  input 
the  nonlinear  curve  (1‘-  -  NP  ->  io)  with  an  initial  KR  *  1  such  that  the 
unloading  slope  will  be  associate  with  the  highest  stiffness  as  shown  in 
Figure  l*-‘-0ib)  and  no  negative  energy  will  be  developed.  For  standard 
curves  \F  s  0  no  negative  strain  ur  t.  unloading  of  one  particular  element 
and  direction  should  occur. 


■  . 
■i— 


A. 


'.'he  type  :*  a  i*»f  loot  i «  ••  U*vo  • ; I • :  cri  hod  represents  a  comblnftt  ion  .  * 

a  soft  sprir.p  mounted  i  : . ;  i  r  -  i  t.ruct.uro  (i.e.,  engine  mount  attached  to  a  Keel 
beam).  The  typical  hi  ve  •.  ..  le*'.  i  >  •  i  input  data  required  to  mode]  this 

type  of  structure  to  5  revest  nop  it.i'e  ei.rr,y  i  s  .shown  below: 


Point ( s ) 

KH 

Deflect  ion 

1 

<■1.0 

0 

0 

<■  1 .0 

0.5 

t 

1.0 

1.0 

1.0 

1 

1- 

0 

.'.0 

0  -  10 

0 

^.'.0 
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Negative  strain  enerpy  can  aim  occur  with  the  .  t andard  KK  curves  under  certain 
cor.iitionr  of  couplet  bendinp  in  the  nonlinear  rep  ion.  This  can  occur  when 
tie  the  'oupled  hear  deproes-of-freedom  is  un.oadinp  int<  the  nonlinear 
rerior.  where  K i •’ = 0 .  ft’  this  loadinp/un load i np  pattern  continues  for  a  continu¬ 
ous  and  sufficient  period,  negative  strain  onerry  may  result..  For  this  type 
of  problem  the  user  can  alter  the  point  at  which  nonlinearity  occurs  or  chanpe 
the  KR  type  curve.  A  small  nopiut ive  strain  value  can  be  tolerated  particularly 
if  it  occurs  i:.  an  element  which  is  far  removed  from  a  crit  ical  rep  ion. 

Ar.ct.cr  r r  her:  a  user  may  encounter  is  instability  duo  to  an  incompatibility 
between  the  stiffness  f  an  clement  and  the  choice  of  integration  internal, 
normally  tlie  user  can  use  an  integration  interval  between  l.‘>  x  10  and 
1  x  10  seconds.  Naturally  from  economic  considerations  the  1  nr  pier  Integra¬ 
tion  interval  is  desired.  However,  short  stiff  members  which  have  frequencies 
in  excess  of  1000  Hr.  can  po  unstable  when  too  larpie  an  integration  interval  is 
use:.  The  effects  of  such  an  instability  will  manifest  itself  in  unexpected 
run*  res,  excessive  oscillatory  mot  ion  and/or  t> o  larpc  an  onerry  deviation 
fr  -  the  norm:  (100  percent).  The  user,  t.o  rect  i  f,v  this  problem  has.  two 
a '.  terra*  i  ves  ; 

(1)  Revise  the  model  and  eliminate  stiff  members,  if  practical. 


(,_')  Reduce  the  integration  interval 


DEFLECTION,  INCHES 

(a)  Negative  Strain 


REGION  3. 


STIFFNESS  =  0 


MAX 


DEFLECTION.  INCHES 

(b)  Positive  Strain 


i  ifure 


Internal  Member  Unlrvidinr ;  Negative  and  Positive 
f*. "air,  Energy 
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typical  modl:i,  ahhanokmkntu 


"'’he  manner  in  which  an  airplane  in  modeled  in  KRASH  depends  to  a  large 
extent  on  the  crash  environment  that  is  being  considered.  As  noted  in  earlier 
portions  of  Section  3,  the  approximate  techniques  employed  in  and  with  KRASH 
are  based  on  representing  structural  behavior  to  obtain  gross  vehicle  behavior. 
The  more  critical  the  region  of  concern  the  more  care  in  modeling  the  struc¬ 
ture  is  required.  Conversely,  the  b’ss  consequence  that  certain  structure 
behavior  has  on  occupant  survival ,  ! he  more  approximate  the  representation  of 
that  structure  can  be.  In  general,  ii  is  anticipated  that  the  primary  crash 
conditions  for  light  fixed-wing  general  aviat.  Ion  airplanes  will  involve  frontal 
impact  with  an  impact  angle  at  or  loss  than  1*5  degrees,  and  with  roll  and  yaw 
angles  within  +  15  degrees.  Accident  types  that,  will  influence  the  formulation 
of  the  mathematical  models  consist  of  a  (l)  stall  condition,  (2)  high  speed, 
low  attitude  impact  and  overturn,  (3)  high  speed,  high  angle  of  impact  and 
(U)  high  rate  of  descent,  nose  up  attitude,  initial  impact  on  landing  gear 
and/or  mid  fuselage.  While  the  details  of  the  structure  that  are  being  repre¬ 
sented  depend  on  the  actual  vehicle  for  which  the  analysis  is  being  performed, 
there  are  general  guidelines  as  to  size  requirements  depending  on  the  type 
of  airplane  that  is  being  modeled.  The  size  of  the  math  model  that  has  to  be 
developed  indicates  to  the  user  the  extent  of  the  data  that  may  be  required  to 
adequately  model  an  airplane,  the  regions  where  emphasis  and  more  detail  would 
be  desirable,  the  potential  cost  of  performing  an  analysis  and  the  critical 
areas  wherein  increased  energy  absorption  and  improved  crashworthy  features  may 
be  most  beneficial. 

5.1  SINGLE-ENGINE,  LOW-WING  AGRICULTURAL  AIRPLANE 

Figure  5-1  shows  an  overview  of  a  typical  single-engine,  low-wing  airplane 
whose  major  purpose  is  to  perform  agricul t.ural  functions.  This  airplane 


Figure  5-1.  oingle-Fngine ,  Low-Wing  Agricultural  Type  Airplane 


typically  weighs  between  2500  and  L 000  pounds,  although  with  certain  restric¬ 
tions,  this  type  can  exceed  1*000  pounds  maximum  takeoff  weight.  There  cur¬ 
rently  is  one  airplane  of  this  type  that  has  a  maximum  takeoff  weight  as  high 
as  rOOO  pounds.  The  forward  and  mid  fuselage  is  typically  of  welded  steel 
tube  construction.  The  wings  are  of  1 ,  2  or  3  spar  arrangement  with  supporting 
brace  struts.  The  tail  unit  is  generally  an  all-metal  cantilever  design.  A 
representative  math  model  is  shown  in  Figure  5-2,  and  consists  of  50  masses 
and  95  elements.  Seat  and  occupant  representations  in  the  structural  model 
will  add  at  least  2  masses  and  5  members  (It  for  the  sent  one  for  the  occupant) 
to  this  total.  If  a  DRI  is  included,  one  more  member  and  mass  is  required. 

This  is  a  rather  large  model  for  KTiASfi  and  represents  a  desirable  upper  limit 
for  this  type  of  airplane  and  structure. 

For  most  accidents  involving  this  type  of  airplane  for  which  modeling 
will  be  performed,  the  user  should  be  able  to  reduce  the  structure  mass  and 


member  requi r  *  •  U*  masses  ai  I  Ml  men  hi'c:  wi  thouh  any  significant 

compromise  in  the  resul*.-.  Mass  numbers  Mi  through  r>0  and  members  1-Mi,  1-1*5, 
1-1*6,  28-1*9,  29-50,  30-1*7 ,  31-1*8,  16-1*7,  Mi-Mi,  5-1*7  and  1*9-50  can  be  elimi¬ 
nated  and  the  masses  redistributed  appropriately  to  achieve  such  a  reduction. 
For  selected  conditions  a  symmetrical  (abcut  he  centerline)  model  of  the 
airplane  can  be  utilised  which  would  reduce  sine  requirements  from  1*0  to  50 
percent. 

The  model  shown  in  Figure  5-2  would  not  be  appropriate  for  modeling 
occupant  behavior.  At  best  the  model  would  provide  floor  structural  responses 
to  be  used  as  inputs  to  occupant-restraint  system  math  models.  KRASH  has  not 
been  used  to  model  occupant-restrain*,  systems;  consequently,  it  is  recommended 
at  this  time  that  it  not  be  used  for  this  purpose. 


44 


Figure  5-2.  Typical  Math  Model  Representation  for  Single-Engine, 
Low-Wing  Agricultural  T>pe  Airplane 
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5.2  SINGLE-ENGINE,  HIGH-WING  AIRPLANE 

Figure  5-3  shows  an  overview  of  a  single-engine,  high-wing  airplane  which 
can  be  used  for  several  purposes  including  training,  sport,  business,  commuting, 
and  pleasure.  The  forward,  mid,  and  aft  fuselage  is  generally  of  semi -mor.ee ccue 
construction;  the  wings  have  supporting  brace  struts.  The  tail  is  a  cantilever 
design.  This  type  of  airplane  weighs  up  to  1*000  pounds  depending  or.  the  mission 
requirements  and  the  number  of  occupants  it  is  designed  to  carry.  The  math 
model  representation  for  the  smaller  lighter  weight  versions  (<2001  pounds)  of 
this  type  airplane  accommodating  two  people  is  shown  in  Figure  5-1*.  This  model 
consists  of  Ul  masses  and  71  members.  The  representation  of  two  side  by  side 
occupants  requires  an  additional  3  masses  and  5  mefnbefs,  but  it  is  not  recom¬ 
mended  without  extreme  care  in  the  manner  in  which  stiffness  and  damping 
properties  are  selected.  The  type  of  structure  employed  and  the  vehicle 
dimensions  may  result  in  instabilities  unless  caution  is  exercised.  A  DRI  rep¬ 
resentation  adds  one  more  mass  and  member.  For  most  accidents  involving  this 
type  of  airplane,  the  math  model  requirements  can  be  reduced  by  eliminating 
7  masses  (33  through  39)  and  11  members  (32-33,  32-31*,  32-35,  5-38,  38-39, 

25-38,  26-39,  20-36,  36-37,  23-37,  2l*-3b)  with  appropriate  redistribution  of 
masses.  Furthermore,  for  selected  conditions,  a  symmetrical  (about  the  center- 
line)  model  can  be  used  to  advantage  with  a  possible  reduction  in  size  of 
1*0  to  50  percent. 

To  model  a  larger  airplane  of  this  type  (>2000  pounds  l*-6  occupants),  may 
require  additional  mass  and  members,  particular ly  if  more  detail  in  some  regions 
is  desired.  The  model  (shown  in  Figure  5-5)  in  this  case  can  reach  1*8  masses 
and  ICC  members.  Once  again  for  a  symmetrical  impact  condition,  the  math  model 
can  be  reduced  to  30  masses  and  60  members. 

5.3  IVIN- ENGINE,  LOW-WING  A I RF LANK 

Typically,  the  twin-engine,  low  wing  class  of  airplanes  are  larger  and 
heavier  than  the  single-engine  class  of  airplanes.  Review  of  data  presented 
in  Reference  9  reveals  that  the  twin-engine  class  of  airplane  weighs  in  excess 
of  1*000  pounds  and  accommodates  from  1*  to  11  occupants.  A  typical  example  of 
an  airplane  (  *6000  lb  take-off  weight)  of  this  class  is  shown  in  Figure  ^-b. 
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A  typical  symmetrical  model  arrangement  is  shown  in  Figure  5-7.  '.'he  model 

consists  of  39  mass  elements,  and  85  linear  bean  elements.  For  a  sym¬ 
metric  analysis,  the  full  model  would  require  approximately  130  beams  which  is 
in  excess  of  the  current  KRASH  member  element  size  limit.  For  an  unsyrrxietric 
analysis,  a  much  cruder  approximation  of  the  structure  would  be  required.  In 
some  cases  where  the  response  characteristics  of  only  a  small  segment  of  the 
vehicle  are  of  interest,  it  might  be  possible  to  develop  a  model  of  the  struc¬ 
ture  in  the  region  of  interest,  but  it  would  require  a  very  crude  approximation 
of  the  remaining  structure. 
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APPENDIX  A 

SHOCK  STRIH  ELEMENT  DESCRIPTION 

A. 1  CENERAL 

The  use  of  a  shock  strut  element  in  KRASH  is  available  for,  but  not 
limited  to,  landing  gear  oleo  struts.  The  following  discussion  will  be 
oriented  to  landing  gear  oleo  strut  usage.  The  axial  strut  motion  is  assumed 
to  be  uncoupled  from  the  transverse  displacements.  Axial  forces  are  pro¬ 
duced  by  air  spring  force,  F/^,  a  hydrualic  damping  force,  F0  ,  a  friction 

force,  fgj.  and  forces  produced  by  elastic  stops  which  limit  the  travel  of 
the  piston  within  the  cylinder  at  full  extension  and  full  compression.  Each 
of  these  forces  is  discussed  separately. 

A. 2  AIR  SPRINO  FORCE 


The  expression  for  the  air  spring  force  is 


where 

E^  *  effective  total  strut  cylinder  length  (Figure  A-l) 

F«  ■  strut  air  preload  at  v,  *•  0 
*0^  i 

F»  “  cylinder  load  due  to  ambient  air 
aAi 

n^  “  polytropic  exponent 


(A,  1) 


i 
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where 


j  yj  is  the  absolute  value  of 
function  of  the  strut  orifice 
Br^  of  a  strut  rebound  valve. 


and  is  a 

characteristics 
C7 .  is  defined 

‘•i 


damping  constant  which  is  a 
B.  and  of  the  characteristics 
as 


is  defined  by 


C  =  H  i  *  v 


C  =  I,,.  it  v  <  (I 

Zi  r* 


(A. 5) 
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I 


l 


(A. 6) 


where 


fi 


2  2 

n/4  (df  -  d  )  =  net  orifice  area 

i  1  1 


=  orifice  discharge  coefficient  (typical  value  =  0.85) 
Y/g  =  oil  density  (typical  value  =  0.912  C.-4  ) 


.  4 
in 


A,  =  v/U\d  )=effecti 

hi  {  \  ) 


ivo  hydraul ic  area 


dfi»  dp^  and  dj^  are  the  orifice,  metering  pin  and  effective  hydraulic  diam¬ 
eters,  respective  (see  Figure  A.l). 


and  Bri  are  input  into  the  program,  as  B0LE0  and  BR0I.E0  Both 
terms  should  be  functions  of  y^  to  simulate  the  effects  of  a  metering 
pin  and  variable  rebound  snubbing.  However,  currently  they  are  input 
as  constant  values. 
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A. 4  FRICTION  FORCE 


Coulomb  friction  is  modeled,  so  that  the  magnitude  of  the  fries  ion 
force  is  independent  of  velocity,  while  the  direction  of  the  force  is  opposite 
to  the  direction  of  the  strut  velocity. 

The  friction  forces,  Fp^ ,  are  given  by 

Fjr  =  Cif(^1)  (A. 7) 

i 

where  f(y  )  is  a  function  whose  sign  is  always  equal  to  that  of  v.  and  whose 
i  i 

magnitude  is  1. 

Stictly  speaking,  f(y^)  should  be  equal  to  1.0  for  all  positive  values 
of  y^  and  equal  to  -1.0  for  all  negative  values  of  y..  However,  since  the 
friction  force  is  a  passive  force  and  is  only  present  as  a  reaction  to  an 
applied  force,  the  friction  force  will  be  able  to  attain  its  full  value  only 
if  the  applied  force  is  greater  than  C^.  If  this  situation  is  not  the  case, 
stops  will  occur  in  the  motion.  A  rigorous  trea'  'lent  of  this  problem  would 
introduce  unwarranted  complications  into  the  program.  A  very  good  approximate 
solution  which  avoids  the  difficulty  can  be  obtained  by  letting  t lie  friction 
force  vary  sufficiently  slowly  from  to  -C^  at  small  values  of  v^,  so  that  at 
each  step  in  the  integration  process  equilibrium  of  the  forces  is  obtained 
without  introducing  large  discontinuities.  The  following  form  is  therefore 
assumed  for  f(y^): 


f(yj  =  tanh  (y^oO  (A. 8) 

This  function  is  plotted  in  Figure  A-2  for  various  valjes  of  oQ.  The 

value  of  a  should  be  small  enough  to  simulate  the  friction  force  with 
o 

sufficient  accuracy,  but  not  so  small  as  to  introduce  discontinuities.  The 

minimum  value  will  depend  on  the  integration  interval.  Generally  a  value  of 

a  =  1  is  found  to  be  suitable.  The  expression  for  the  friction  force 
o 

becomes 
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(A.  41 


1-  (  I  .ml)  (■  /o  ) 

r.  i  i  «> 

I 

The  values  of  and  C^  are  innut  a  AM’ilAI1  and  FCOUl.  in  the  program. 

A. 5  ELASTIC  STOPS 

Two  elastic  stops  of  stiffness  Kg.  and  Kp  are  present  which  limit  the 

travel  of  the  piston  at  full  extension  and  full  compression,  respectively. 

The  forces  generated  by  these  stops  are,  therefore,  equal  to  Kgj  Y  when 

y.  <0  and  K_  (y.  -  S.)  when  v.  '  S . . 
i  cj'-'i  i'  J  i  i 

Collecting  all  the  above  terms  the  total  axial  force  F^  can  be  written 

as 


F  =  F  +  F  + 
i  A,  o , 

i  i 


+  F  +  F 

EXT.  COMP 
l  i 


(A.  10) 


The  terms  K_  ,  Kr  ,  and  S  are  input 
'■i  i 

YMAX,  respectively. 


into  the  program  as  XKEXT,  XKCOMP,  and 
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